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Part III: The Grain Structure of 
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SYMBOLS 


Peak values are designated by a peak sign over a symbol J; and average or mean 
When used with V,-values, the bar indicates the geo- 
metric mean for two coordinates. 


Note 
values by a horizontal bar, f. 


Area of sampling aperture 
Equivalent sampling aperture 
Frame area 
Blanking factor (See Eqs. (61) and 
(72)) 
Luminance 

\ constant 
Capacitance 
Viewing distance 
Noise voltage 
Exposure (unit: meter candle sec- 
onds 
Signal voltage 
Kms noise voltage 
Frequency 
and y 
Pheoretical rectangular 
channel (Eq. (63)) 
Noise-equivalent passband of electri- 
cal elements or systems 
Horizontal dimension of equivalent 
sampling aperture or index for hori- 
zontal coordinate 
Horizontal dimension of picture frame 
Noise current 
Intensity or current 

\ constant 
Unit of length 
Horizontal bandwidth factor of clec- 
trical circuits (Eq. (79)) 
Line number number of _half- 
wavelengths of line- or sine-wave pat- 
terns per length unit 
Limiting resolution, Ns) limiting 
resolution of aperture system follow- 
ing raster process 
Equivalent passband (Eqs. (22) to 
(28) Part IT) 
Equivalent passband of an asym- 
metric aperture (Eq. (23) Part II) 
Equivalent passband of all apertures 
preceding and including analyzing 
aperture of raster process 
Equivalent passband of all apertures 
following and including synthesizing 
aperture of raster process 

= (Nean,-)§ 
theoretical 
(64)) 

= (New)Nav)) Equivalent optical 
passband of measuring aperture 6,, 
= (NewrNew)e4 Equivalent optical 


f(xy) a function of x 


frequency 


television charnel (Eq. 


passband of system between origin of 


deviations and point of observation 
Number of particles or samples inside 
of sampling area 

Raster constant, number of points or 
lines in length unit 


August 1953 


Equivalent passband of 


n 


qe 
Qs 


ry 


i] 


(aB)s = 
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Number of scanning lines including 
vertical blanking period (Eq. (62)) 
Electron charge 

Frame charge (Eq. (71)) 

Sine-wave response factor of an aper- 
ture (Eq. (18)) 

Electrical sine-wave response factor 
(Eq. (65)) 

Response factor of analyzing aperture 
(including preceding apertures) 
Response factor of synthesizing aper- 
ture (including following apertures ) 
Rms response factor 

Resistance 

Signal-to-rms-deviation ratio, static 
value in a single image frame (Eq 
(13) Part IT) 

Reference  signal-to-deviation ratio 
measured at the source with a known 
aperture 6» 

Signal-to-deviation ratio of system 
Length of side of square aperture, o1 
storage factor 

lime interval 

Frame time 

Vertical dimension of equivalent 
sampling aperture or index for verti- 
cal coordinate 

Vertical frame dimension 
Coordinates, x = coordinate in the 
direction of scanning 

Amplitude 

=(Na)/N-), Horizontal bandwidth 
factor (Eq. (66)) 

=N,,,),/n- Vertical bandwidth fac- 
tor (Eq. (67)) 

(Neca) /(Necayne)t Optical 
width factor (Eq. (68)) 
Constant gamma 

Point gamma, definition in Part I, p. 
145 

Point gamma of system at a particular 
signal level between origin of devia- 
tions and point of observation 
Characteristic aperture diametet 
Equivalent optical aperture of theo- 
retical television channel (Fig. 80) 
Base of natural logarithm 
Iransmittance 

Relative deviation (Eqs. (13) to (17) 
Part IT) 

Phase displacement between sample 
amplitude and crest intensity /, 
( Fig. 69) 

Flux 

Rms value of variational (a-c) 
(see Eq. (20)) 


band- 


flux 
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SUMMARY 


The analysis of grain structures in 
imaging systems containing a point- or 


line-raster process requires evaluation of 


the sine-wave response in two coordi- 


nates. ‘The characteristics of the raster 
process are developed by a Fourier analy- 
sis of the optical image. The sine-wave 
response perpendicular to the raster lines 
(for example the vertical sine-wave re- 
sponse of a television system) is shown 
to contain in general a carrier wave, the 
normal aperture response to sine-wave 
test signals, and a series of sum-and- 
difference components with magnitudes 
depending on the aperture response 
products of the analyzing and synthesiz- 
ing apertures preceding and following the 


kine- 
\ graphic 


raster process (camera tube and 
scope in television systems). 
raster 


representation of the equation 


Fig. 70) shows at a glance the number 
and magnitude of the sine-wave compo- 
nents for any combination of apertures 
used with the raster process. ‘The appli- 
cation of the aperture theory developed 
in Part IL yields an equivalent optical 
aperture (Fig. 80) and equivalent pass- 
band (Eq. (64)) for the theoretical tele- 
vision channel. The evaluation of the 
horizontal sine-wave response of electro- 
optical systems containing electrical and 
optical elements is simplified by estab- 
lishing normalized characteristics for the 
sine-wave response, equivalent — pass- 
band, aperture cross section, and edge 
of electrical re- 


transition of a variety 


sponse characteristics (including aper- 


ture correction) in cascade with optical 
Because of their 


apertures general 


character and use in the evaluation and 


OF PART III 


design of television systems, the range of 
parameters has been extended beyond the 


cases used in examples. 

In normalized units equivalent pass- 
bands (horizontal and vertical) of elec- 
trooptical systems are specified by band- 


width factors (@ and 8), which are ratios 
of the equivalent passband of the system 
to the theoretical passbands ‘V,,,) and n, 
of the television channel (section D,). 
These bandwidth factors emerge as sig- 
nificant parameters specifying the charac- 
teristics of the system. 

‘I he 


levels into optical deviations in a tele- 


translation of electrical noise 


vision frame is now readily accom- 
plished, permitting evaluation of granu- 
larity by the methods discussed in Part II 
It is shown that the electrical signal-to- 
noise ratios usually quoted for television 
systems have by themselves little meaning 
when television grain structures are com- 
pared, because the transfer characteris- 
tics and apertures of the system cause 
pronounced changes in signal-to-devia- 
tion ratios and the amplitude of the 
sine-wave components contained in opti- 
television 


cal deviations of a picture 


frame. It is concluded that an adequate 
description of granularity in television 
and motion-picture frames requires speci- 
fication of the sine-wave spectrum and 
signal-to-deviation ratio in the retinal 
image as a function of luminance and for 
a specified viewing distance. An assess- 
ment of the perception of deviations 


throughout the luminance range of 
motion pictures and television images 
can be made by introducing the char- 
acteristic of threshold signal-to-deviation 


ratios as a reference level 


A. REVIEW OF PRINCIPLES 


Ihe principles and method developed 
in the analysis of motion-picture granu- 
larity in Part II of this paper can be ap- 
plied to all imaging systems and will be 
Random fluctua- 


summarized _ briefly. 


Otto H. Schade: 


tions of luminance in motion-picture or 
television images cause the appearance 
of a moving granular structure. In a 
single picture frame representing a con- 
stant light level the structure is stationary 
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and the luminance variations are statu 
from the average luminance 
which is the optical signal. 


deviations 


Optical signals and deviations are 
measured by taking samples of the image 
flux with an The average 
value of the sample readings is the signal. 
The relative magnitude of the deviations 
is expressed by the relative deviation o or 


aperture, 


its reciprocal, the szgnal-to-rms deviation 
ratio [R|. When the deviations are ran- 
dom (see Part II for definition) the value 
[R] measured at the source of deviations 
is directly proportional to the one-half 
of the effective of the 
sampling aperture as stated by 


power area 4d, 


[R] =: 1/o = (nga-)$ 


where fio specifies the mean “‘particle” 
density in the random structure at the 
source. 
practical image-forming devices or sys- 
tems can be determined from the geom- 
etry of their point image (see Part II) o1 
from the total sine-wave energy response 
of the point image, obtained by a Fourie1 
analysis of a test image such as a single 
sharp line, a single-edge transition, a 
sine- 


random grain structure, or from 


wave test patterns. The last two meth- 
ods mentioned, particularly the method 
using sine-wave test patterns with vari- 
able line number, are known from anal- 
ogous electrical measurements to be most 
accurate because of the high energy level 
of the observed signals and the simplicity 
of evaluation. In response 
measurements the point image is re- 
garded as an ‘ unknown 
geometry which is made to scan a series 
pat- 
sine-wave 


sine-wave 
‘aperture” of 


of constant-energy sine-wave test 
terns. The total 


energy of the aperture response charac- 


relative 


teristic is specified by a single number 
N, 
The this 
specifies the diameter of the desired 


interpreted as an equivalent passband. 


reciprocal of measure A/N, 
equivalent sampling aperture (see Table VII, 


Part IT). 


devices are often asymmetric. 


The point images of practical 
In this 
case the equivalent sampling aperture 


Otto H. Schade: 


The effective sampling area of 


can be specified as a rectangle with the 


dimensions fA and v, which are the re- 


ciprocals of two equivalents: 


ae = hvu = |NewnyNe (51) 


The asymmetric point image is described 
by two sine-wave response characteristics 
in rectangular coordinates (// and V) and 
their corresponding pass- 
bands N,,) and N,,,). 

The signal-to-deviation ratio [R] can 
now be stated in the forms 


[R] = nigh /|Necn Nec)! 
[R] = ni/N. 


equivalent 


(52) 


where .V, is the geometric mean of the 
two equivalent passbands. 

The particle density fio at the source can 
be determined by a count of the number 
of particles (grains or electrons) in a unit 
area of the random structure in which 
the deviations originate. When this is 
impractical, fio is obtained from a refer- 
ence value [R],, measured or computed 
with an aperture of known area a» or 
equivalent passband N cm). 

The actual signal-to-deviation 
[R], at any one point in the imaging sys- 
tem can then be computed accurately 
from the aperture ratio (Eq. (37) in Part 
II) which, stated in terms of V,-values, 
has the form 


[Rle = [R] m( Nem 


ratio 


/News))/Ve (53) 
where 


[R] m 
origin of deviations, measured with an 


= signal-to-deviation ratio at the 


aperture of equivalent passband Voom 
Nem) = (Neary Newey) m? = equivalent op- 
tical passband of measuring aperture 
Vers) = (Nery Neve))st = equivalent op- 
tical passband of system aperture 
between origin of deviations and point 
of observation 
= overall transfer ratio or “‘point 
gamma” of system elements at the 


particular signal intensity between 
origin of deviations and point of ob- 


servation. 


The analysis of optical deviations in tele- 
vision images requires a translation of 
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television system parameters and charac- 
teristics into equivalent optical units. A 
schematic representation of a television 
The light 


Ay formed by 


process is shown in Fig. 65 
flux in the optical image 
transduced into an 


the camera lens is 


electrical image A; in the television 


camera tube The charge image A, is 
scanned by an aperture 6; along a sys- 
tem ot parallel] lines termed a line raster 
The aperture 6; is the electron beam of 
the camera tube which transduces the 
electrical aperture flux into video signals 
Phe electrical signals are amplified, lim- 
ited by electrical filters, transmitted and 
transduced into Varla- 


again light-flux 


tions by the aperture 6. of an clectro- 
optical transducer (kinescope) scanning 
the frame area A The two scanning 
apertures 6; and 6. are moved with uni- 
form velocity and in synchronism over the 


Like 


apertures, these scanning apertures have 


respective frame areas optical 


two dimensions, and their response is 


readily described by normal sine-wave 
response characteristics and equivalent 
passbands. New elements in the imag- 
ing system requiring evaluation in terms 


of optical response characteristics are the 


line raster and the electrical system of 
amplifiers and low-pass filters. 
Luminance deviations in a television 
frame may be caused by a number of 
sources located at different points in the 
When the devia- 


tions originate in a preceding photo- 


system (see Fig. 65) 


graphic process, the television system is 
an aperture process transferring a two- 
dimensional granular structure. Devia- 
tions originating in electrical elements, 
however, may not be associated with the 
transferred image. Electron sources such 
as the cathodes of electron guns or ampli- 
fier tubes continually produce random 


fluctuations in the flow of electrons, 


which are arranged and displayed arti- 
scan- 


ficially in two dimensions by the 


ning process. The resulting luminance 
deviations in the frame area may. how- 
ever, be regarded as the image of a ran- 
dom particle structure scanned with a 
hypothetical camera and measured with 
a theoretical sampling aperture 6) 
which will be found to have a specific 
value given by the system constants. 
With this concept all cases can be treated 


by one method. 


B. RASTER PROCESSES 


1. The Raster Constant (n,) 


Ihe formation of images by lenses or 
optical systems is continuous in both 
coordinates of the image area. It is, 
therefore, permissible to determine sig- 
nals and deviations from a limited num- 
ber of sample readings, because every 
point in the image area undergoes an 
aperture process. ‘The aperture shape 
becomes indistinguishable in areas of 
constant luminance. In the presence of 
deviations, the steady “‘signal” flux can 


“ 


be considered as a “‘carrier’”’ flux of con- 


stant intensity 7 “‘modulated” by ran- 


dom deviations. 
Printing, facsimile and television are 
sampling processes in which the number 
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of aperture positions is finite in one or 
both coordinates of the image frame. 
The image flux is no longer continuous 
in two coordinates but contains periodic 
components. An arrangement limiting 
aperture positions to a fixed number of 
uniformly spaced points in the image 
frame is termed a point raster; an arrange- 
ment providing aperture 
positions along uniformly spaced parallel 
lines is termed a line raster. The “‘raster’’ 
constant n, specifies the number of aperture 
positions in the length unit of a geometric 
arrangement of points or lines; it does not 
specify the dimensions of the “points” 
themselves which are deter- 


continuous 


or “‘lines” 
mined by the geometry of the sampling 


apertures used with the raster process 
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Fig. 66. Intensity distribution and “‘carrier’ 


2. 


Carrier Wave and Line Structure 


A line raster limits the number of aper- 
ture positions perpendicular to the raster 
lines. Areas of constant luminance are 
reproduced by the aperture 6. as a flux 
pattern in which the intensity is constant 
in the direction x parallel to the raster 
lines but contains a more or less pro- 
nounced periodic component in the y- 
coordinate defined the 
perpendicular to the raster lines (Fig. 66). 
The following analysis of conditions in 


as coordinate 


the y-coordinate of a line raster applies 
to optical as well as television processesf 
and also to point rasters which cause 
periodic components in both x- and y- 
coordinates. (In television images the 
coordinate Y is identical with the vertica! 
coordinate V of the image frame.) 

The periodic component can be re- 
garded as a constant carrier wave added 
by the raster to the continuous carrier 
flux of a norma! aperture process. The 
signal flux from the analyzing aperture 
6, determines the average intensity level 
I, i.e., the scale factor of the image flux. 
It is seen by inspection of Fig. 66 that 
the length of the carrier wave is the re- 
Ay 


ciprocal of the raster constant: 
t A two-dimensional Fourier analysis of the 
television picture was presented in an early 


paper by Mertz and Gray.! 


Otto H. Schade: 
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waves in the y-coordinate of line-rasters. 


1 /n,, while waveform and relative ampli- 
tude of the carrier wave are determined 
by the geometry of the synthesizing aper- 
ture 6e. 

A Fourier analysis of this “pulse car- 
rier wave”? shows that the intensity dis- 
tribution J;,) = f(y) contains the constant 
signal term J and a series of harmonic 


cosine waves: 


(54) 


cos pryn, 


The cosine terms specify the harmonic 
components of the carrier wave, which 
have (television) line numbers \,, 

2nr, Neo 4n,, Nea Then 
relative intensities are specified by coef- 
are the 
in the y-coordinate of the 


On,, 
ficients which sine-wave 
factors The» +) 
particular aperture 6» at the line num- 
bers of corresponding carrier harmonics. 
The 


phase at the aperture centet 


ve Sponse 


in 
the 
raster line) when the aperture has axial 


( osine-wave components are 


(on 


symmetryt and its response decreases 
asymptotically to zero. When the 
sponse characteristic has an oscillatory 


re- 


form (compare Figs. 41 and 42 of Part 
II), the phase may reverse at each zero re- 
{ Apertures with asymmetric cross sections 
introduce phase shifts between cosine terms 


and will be discussed in Part IV. 
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Fig. 67. Intensity distribution in y- 
coordinate of raster process with kine- 
scope aperture 6,>1/n, passing only 
one cosine term of the carrier wave. 


sponse point. Examples illustrating a 
numerical synthesis of the intensity dis- 
tribution expressed by Eq. (54) are 
shown in Figs. 67 and 68. Equation (54) 
establishes a direct relation between the 
geometry of the line tmage and the sine- 
wave response characteristic of the line- 
generating point image. For the purpose 
of reconstructing an aperture cross sec- 
tion (i.e. an isolated line) from its sine- 
wave spectrum the fundamental com- 
ponent Ny; = 2n, in Eq. (54) is given a 
low value for which the bracketed terms 
of Eq. (54) equal zero at the distance 
This condition is obtained 


y = 4§n,. 


when 


2(7 Zon, J + 
T Lien,) ) 1 (55) 


A fundamental component NV, = 2n, = 
200 lines was used for the aperture syn- 
thesis (Fig. 68) from the sine-wave 
response characteristic (Fig. 95). 

The presence of a pronounced line 
structure in the image is highly undesir- 
able. Perfect continuity is restored when 
none of the carrier-wave components are 
reproduced by the aperture de, i.e., when 
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the aperture response is zero at line num- 
bers which are integral multiples of 2n,. 
Practical imaging devices usually have 
characteristic. 
non- 


an aperiodic 
In some 
integral zeros, but the response is usually 
A substan- 


response 
cases the response has 
low beyond the first zero. 
tially continuous or “‘flat’’ field is, there- 
fore, obtained when 


TJ(2n-) ~, 0.005 (56) 


This response factor causes a_ ripple 
a peak-to-peak 
The aperture 


amplitude of 1%, i.e., 
intensity variation of 2%. 
process 62 in the reproducing device 
(kinescope) is followed by other imaging 
processes, for example by the process of 
vision or by a photographic process. It 
is, therefore, unnecessary to restrict the 
response of the aperture 6. alone by Eq. 
(56) but rather the overall sine-wave 
response ry, of the aperture system fol- 
lowing the raster process (indicated by 
the index 6). 

The flat-field condition specified by 
Eq. (56) may be stated in the form 
(56a) 


— 
New) ~~ 2nr 


Assume for example that a standard 35- 
mm motion-picture process (Table IX 
(1 to 4), Part II) which has a limiting 
resolution N,. of approximately 1100 
lines, is used for video recording. It 
follows from Eq. (56a) that a standard 
525-line television raster which contains 
n, = 490 active line traces is just resolved 
in the optical projection of the 35mm 
print. Even with a kinescope having 
3000-line resolution and an aperture 
response 7TY(2n,) = 0.62 which causes a 
pronounced line structure on the kine- 
scope screen, the response in the optical 
35mm projection is only 1% at N = 2n,.T 
The carrier “ripple” has then an ampli- 
tude of 2% and a peak-to-peak amplitude 


t Failure to interlace perfectly will intro- 
duce carrier components at one-half the 
line number, for which the overall response 


ie 9907 
IS 22 /o- 
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HIGH-DEFINITION IMAGE ORTHICON 
LENGTH UNIT: Y=V=17” 
Y¥=1/2n- = 0.005% 


RELATIVE INTENSITY (Iy) 


004 


001 J 
DISTANCE (y) 


Fig. 68. Synthesis of line cross section formed by a camera-tube 
scanning beam for the condition 6 < 1/n, (nonoverlapping ). 











Fig. 69. Sampling and re- 
production of sine-wave test 
pattern in the y-coordinate 
by a raster process and de- 
velopment of raster equa- 
tion by regarding ‘‘modu- 
lated’”’ carrier wave as the 
sum of interlaced carrier 
waves with different ampli- 
tudes. 
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3. Response to Sine-Wave Test Patterns 
and Equivalent Passband 

\ line raster has no effect on the sine- 
wave response of the apertures 6,, and 62 
in the x-coordinate (parallel to the raster 
lines), in which the aperture process is 
conunuous. The discrete aperture posi- 
tions in the y-coordinate affect the re- 
sponse of the two apertures in a different 
manner. 

The analyzing aperture 6, “samples” 
the flux of a test pattern in the y-direction 
at the raster points only, all other aper- 
ture “blocked” by the 
What is left of the normally con- 


positions are 
raster 
tinuous aperture signal is a series of exact 
regularly 
n, as indicated 


samples of its response at 
spaced distances Ay 1 
by Fig. 69a. ‘The reader may visualize 
the raster as an opaque plate with very 
raster) 


a photoelec tric 


fine slits (holes for a_ point 


through which he, or 


device, views the test pattern from a 


fixed distance. He can control 6; by 
varying the spacing between the raster 
When the test 


is varied, the 


plate and the test object. 


pattern line number N 
sample amplitudes vary in direct propor- 
tion to the normal sine-wave response of 


5, A 


amplitudes cannot be given without con- 


further interpretation of these 
sidering the synthesizing aperture proc- 
ess 

For a linear system, the intensity of the 
light flux from the synthesizing aperture 
5» is proportional to the signal amplitude 
delivered by 6; at corresponding raster 
The 


however, is only an artificial approxima- 


points reproduced waveform, 
tion of the test pattern wave, determined 
by the raster constant and the geometry 
of the aperture 6. as illustrated in Fig. 


69b The 


sponse and the waveform distortion can 


fundamental sine-wave_re- 
be evaluated by a Fourier analysis. For 
this purpose the periodic wave may be 
regarded as the sum of a series of inter- 
laced carrier waves, each having a con- 
stant amplitude and a wavelength 1/n,’ 
the normal raster 


which is longer than 
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period (see Fig. 69c). These component 
carrier waves are displaced in phase by 
distances 1/n,, 2/n, etc., with respect to 
one another and can be expressed by 
Fourier series (Eq. (54)) differing only 
in amplitude and phase of the terms. A 
vectorial addition of corresponding terms 
yields an expression for the waveform 


For the conditions that the average in- 


tensity ]. in the image of the test pattern 


has the same numerical value 4s the test 
pattern intensity 7, and the transfer ratio 
of signals (gamma) is unity, the expres- 
sion obtained for the intensity /,,,? = 
f(y) is the following Eq. (57): 

Taye = 11 + B2rq 


¥ (pn,) 


€<€3) 


cos pryn,| 


JirJ2 COs [(N n,)ryn, + 6 

ry 4. 

LEVion, xy €08 [Cp 
N/n,)wyn,+6| (S) 

inry ; cos [(p 


\ 
V/n,)xyn, (D) 


] 


Raster constant (number of sam- 
pling positions per length unit) 

= Distance along y-coordinate (same 
length units as 1/n, 

= Average intensity in y-coordinate 

= Crest intensity of sine-wave flux in 
test pattern 

= Response factor of aperture 6 
the line number NV 
Response factor of aperture 6. at 
the line number A 

dex) = Response factor of aperture 62 

at line number indicated by index 

Phase 

sample 

(Fig. 69 


displacement between 


amplitude and crest Jy 
been 
first 
steady 


have 
The 


only the 


The 
arranged in four products. 
(C) 


carrier components as expressed by Eq. (54). 


terms of Eq. (57) 


product contains 
The magnitude and numbers of the sine- 
wave terms depend on the aperture re- 
sponse of 6» only The second product 
(N) is identified as the normal sine-wave 
signal flux Jy. of the cascaded aperture 6, 
and 62 at the line number NV. The third 
and fourth products (S) and (D) are har- 
numbers 
of the 


monic components with line 


which are the sums and differences 
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LINE NUMBER (N/nr)., 
OF SINE-WAVE OUTPUT 


RESPONSE 
FACTOR (> ) 


2 


LINE NUMBER (N/nrp) 


RESPONSE 
FACTOR ry ) 
= 


2 4 
LINE NUMBER (N/nr), 


Fig. 70. Conversion characteristic of raster (Eq. (57)). 
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Fig. 71. Graphic representation of the combined sine-wave response of raster and 
synthesizing aperture 5. by normil aperture characteristic and ‘‘sidebands.”’ 


carrier Components 2n,, 4n, et 


¢ and the 
““modulating”’ sine-wave signal .V. 
magnitude and number depend on_ the 
response of both apertures 6; and 6 

The 


tional sine-wave components depending 


raster process introduces addi- 
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Their 


on the sine-wave response of the apertures 
6, and 6p. 

of the 
sented graphically by a conversion char- 


The sine-wave response charac- 


teristi raster itself can be repre- 


acteristic (Fig. 70) with constant re- 


sponse factors r, = 1 for all variable 
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Table XV. Sine-Wave Components (.V 
Factors (7;) for (.V/n,), 


Component D, 


Line Number (.V/n, )o 0.4 
Response Factor 7, 0 675 


Response Factor r, 0.92 


Overall Response Factor ry, 0 62 


terms and the response r, 2 for the 


constant carrier components. ‘The car- 
rier Components are represented by an 
infinite number of horizontal lines C;, C» 
etc., because their existence is independ- 


The 


sine-wave 


ent of the sine-wave signal input, 


line number of the normal 
components (line V) and the sum and 
difference terms (lines $1, So, 83 . and 
D,, De, Ds... .), however, vary with the 
line number (.V/n,); of the input-signal 
as shown by the network of diagonal 


raster characteristics. The raster charac- 
teristic (Fig. 70) is a graphic representation 
of Eq. (57). 
simple. <A vertical projection of the 
input line number (N/n,); locates the 
output signal components at the inter- 


The use of the diagram is 


sections with the raster characteristics as 
illustrated for (N/n,)} = 1.6. The rela- 
tive intensity of the sine-wave components is the 
product of the aperture response factor 
rj, at the line number of the input-signal 
and the response factor rJ2 at the line 
number of the output-signal component. 
The sine-wave response characteristic of 
the “‘analyzing”’ aperture 6, is, therefore, 
drawn in Fig. 70 under the input coordi- 
and the 
sine-wave response characteristic of the 
synthesizing’ aperture 62 is drawn with 


nate of the raster characteristic, 


its line-number scale parallel to the out- 
put coordinate (both line-number scales 
be in relative units N/n,). The 
sine-wave response factors of the example 
are listed in Table XV for (N/n,); = 1.6. 


lo evaluate the total sine-wave spec- 


must 


trum of a raster process it is expedient to 
combine the raster response r, with the 
response characteristic ry, rlo rJ 


vy Vn 


Otto H. Schade: 


of succeeding apertures into one charac- 
teristic. The characteristic Fig. 71 repre- 
sents the overall sine-wave response rj rp 
for constant amplitude sine-wave signals 
of the- raster and a particular aperture 
Ap- 


propriate scales permit a direct reading 


process (6,) following the raster 


of the line number and response factor 
ri, of all 


J associated terms in the y- 


coordinate of the final image. ‘The re- 
sponse factor (2rZ) of the single constant 
carrier term C; is indicated. The normal 


response Characteristic (NV) of the aper- 


ture 6, appears symmetrically repeatedt 


at each carrier line number 2n,, 4n, ete. 
The response pattern between N/n, = 0 
and 1 repeats indefinitely. A large aper- 
ture for example has zero response at 
N/te < 1 


peats up to infinity, periodically going to 


its response nevertheless re- 


zero. 

The fact that the passband of an aper- 
ture 6, is repeated by addition of a raster 
process, is demonstrated by Figs. 72a to 
72d. Figure 72a 
test pattern having a variable line num- 
A sharp photograph (6, small) of 


is a photograph of a 


ber.? 
the pattern through a raster plate having 
lines (6, small) 
Fig. 72b. A photograph made with a 
larger aperture 6, giving a flat field is 
shown in Fig. 72c which may be com- 


very fine is shown in 


pared with the image Fig. 72d made 
without raster and the same aperture 4p. 
In all practical cases the infinitely repeti- 
tive spectrum of the response rj,» is lim- 
ited by the finite response rf_ of apertures 
preceding the raster, because the overall 


t Electrically known as ‘“‘sideband 
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APERTURE CHARACTERISTICS: 
» 2 _ 2 
T=€ (t/t) ry =€ (©.627 N/Ne) 


CURVE 1:N@/Np =1.0 
2:Ne/Nr = 0.667 


) 


¥rb 


RESPONSE FACTOR (r+ 
° 


0.5 1.0 1.5 
RELATIVE LINE NUMBER (N/np) 


Fig. 73. Construction of repetitive spec- 
trum by ‘‘folding’’ of response charac- 
teristic. 


response of the entire imaging system 


rJ rlatlore becomes zero when the 


response factor rq IS Zero 


4. Sine-Wave Spectrum and Equivalent 


Passband \,,,,, for Random Deviations 


For the analysis of deviations it is un- 
necessary to examine the waveform and 
phase distortion caused by the raster (to 
be discussed in Part IV of this paper), 
because the distribution of sine-wave 
components in a source of deviations is 


The 


deviations is, hence, obtained by arrang- 


random sine-wave spectrum for 
ing all sine-wave components in order 


of their line number, combining re- 
sponse factors at equal line numbers by a 
quadrature addition (square root of the 
sum of the squares). ‘This process has 
been carried out for a variety of aperture 
combinations 6, and 6, having exponen- 
tial cross sections r+ e ‘rir? and a 
sine-wave response ry = € 8" NiNe)? (Fig, 
44, Part II) which is a satisfactory equiva- 
lent for optical processes. The repetitive 
section of raster and aperture response 
can be constructed 


characteristic r,s 
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by “folding” the normal response char- 
acteristic into the range V/n, = 0 to 1 
as illustrated in Fig. 73 for two aperture 
sizes N./n- = 1 and N,/n, = 0.667. 
Overall sine-wave spectra computed for 
various combinations of aperture sizes 
When 
both apertures 6, and 6» are large, i.e., 
N, is smaller than the raster con- 
0.5 in Fig. 74a), the sine- 


are shown in Figs. 74a to 74c. 


when 
stant (N,/n, 
wave spectrum is substantially the same 
as without raster; when \,,,) is increased, 
the high-frequency” components in- 
crease considerably faster than without 
raster and show periodic maxima and 
minima. ‘These variations decrease when 
Naa) 18 (Fig. 74b). 


appear substantially for values V,., 1 


increased and dis- 


(Fig. 74c). It is concluded that the addi- 
tion of a raster process may increase the 
normal sine-wave response and extend 
the aperture passband to higher line 
numbers even for the ‘‘flat-field’’ condi- 
tion N,,, View 0.67 n, (Fig. 74b) 
The have a 
stantial negative aperture effect which in- 


raster Can, therefore, sub- 
creases the intensity and edge sharpness 
of the reproduced grain structure in the 
y-coordinate 

The equa alent passband N, of the 
raster process is the integral of squared re- 
sponse factors (Eq. (28), Part II) deter- 
mined from the total sine-wave response 
of the system. ‘The computation of the 
integral for various aperture combina- 
tions can be simplified by calculating the 
rms response of 6» for the repetitive section 
N/n, 0 to 1. 
[ry], at each input line number (Fig. 75) 
is obtained by a quadrature addition of 


The rms response factor 


associated sine-wave components (shown 
in Fig. 73). Because 
repetitive, the integral 
N, = f® ([rb lor da)*nin,d( N/n,) 
can be evaluated within the limits NV/n, 
0 and 1 from 


this response. is 


= f Nine l(frgle L]a)*( vin, )d(N/n,) 


¥ 


oO 


(58) 


where [rj], is the rms value of response 
factors of 6,, coordinated by folding the 
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CURVE Ne(a)/Nr Ne(b) /Mr 
\ 0.5 0.5 
2 0.5 1.0 
3 0.5 2.0 
WITH RASTER 
---=— WITHOUT RASTER 


CURVE Ne(a)/Nr Ne(b)/r 
! 0.67 0.67 
2 0.67 1.0 
3 0.67 2.0 
WITH RASTER 
~=-=<-=— WITHOUT RASTER 


| 
ot 
a 
aii 
} 


i CURVE Ne(ay/Mr Necb)/Mr: 
1 1.0 0.5 
2 1,O 1.0 
WITH RASTER 
7 <—=<=— WITHOUT RASTER 





2 
RELATIVE LINE NUMBER (N/nr) 


Fig. 74. Overall sine-wave spectra of raster processes for various 
aperture sizes 5, and 5». 


response characteristic rf, into the limits 
V/n, 0 to 1. 
[rv], are identical when 6a 


The values [rZ]. and 
6,. The 
products of various aperture combina- 
tions are, thus, easily computed from 
The 
N 4s)» Of the system are plotted in Fig. 76 


Fig. 75. equivalent passbands 


n, ot 


as a function of the passband N,¢4 
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the analyzing aperture 6, with N,.,,/n, 


aS a parameter. Examination of these 


functions reveals the following facts 
(a) When both N, 


than O.7n, the aperture flux at successive 


a) and Nw) are smaller 
raster points is correlated sufficiently 
(overlapping) to eliminate the effect of 
The equivalent 


the raster. passband 
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APERTURE CHARACTERISTICS: 
2 2 
ree lo) ry =¢7(-627N/Ne) 


20 


Ne/Np =1.33 


~WAVE RESPONSE FACTOR ry] 


RMS SINE 
°o 
J 


A 


0. ! 
RELATIVE LINE NUMBER (N/Nr) 


Fig. 75. Rms response of apertures 
and raster to sine-wave signals. 


Nas)» Of the process can then be com- 
puted froin the normal aperture response 
without raster or may be approximated 
with good accuracy by the cascade for- 


mula: 


+ 1/Nes)?)8 (59) 


(b) When one or both values Nea) or 
Ns) are greater than n,, the aperture flux 
is no longer correlated by at least one 


aperture, and the equivalent passband 
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of the process can be computed with good 
accuracy from the product. 


(60) 


Notre CH CH, a N, b))/Mr 


(c) For all other values the aperture flux 
is partially and the value 
Nugs)» Should be computed as outlined 
above or may be approximated by the 


correlated 


values computed for exponential aperture 
characteristics (Fig. 76). It should be 
mentioned that a square aperture pre- 
sents a special case because of its strongly 
periodic large 
number of terms which cause periodic 
deviations from the characteristics shown 
The square aperture is of 


aperture response and 


in Fig. 76. 
interest as a mathematical equivalent, 
but its characteristics are in many cases 
undesirable for practical processes. The 
greatly enlarged reproduction of a photo- 
graphic grain structure by point- and 
line-raster processes is illustrated in Fig. 
77. The original grain structure is shown 
in Fig. 77a. The samples . 
through a fine point raster plate (6. 
small) are shown in Fig. 77b;_ their re- 
production by a square aperture provid- 
ing a “flat” field is shown in Fig. 77c. 
Reproduction of the same grain structure 
by a line-raster process using a square 
reproducing aperture is shown in Figs. 
77d and e. The higher horizontal defi- 
nition obtained with a vertical slit aper- 
ture is illustrated by Fig. 77f. 

A comparison of a line-raster process 
(a) using a round cos? aperture 6, with 
a continuous process (b) using the same 
apertures is shown with a lower mag- 
nification in Fig. 78. The slight in- 
crease in vertical sharpness by the raster 
process (a) observed in the originals will 
probably be lost in the printing process. 


seen’ 
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Fig. 77. Reproduction of photographic grain structure by point- and line-raster 
processes with rectangular apertures (highly magnified ). 
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Fig. 78. Grain structure reproduced (a, at left) with, and (b, at right) with- 
out line-raster process by a round cos? aperture. 


NOTE: Figures 85 and 109 now follow on this coated paper insert. 


Figures 79, etc., 


are arranged below as best possible for nearness to pertinent text. 


C. ELECTRICAL CONSTANTS AND APERTURES 
OF TELEVISION SYSTEMS 


1. Frequency and Line Number 


The 


images over an electrical frequency chan- 


transmission of two-dimensional 


nel is based on a conversion of lengths 
into units of time. To effect this conver- 


sion, television systems make use of a 


horizontal-line raster scanned by a 


single aperture. The signals of all aper- 
ture positions in the raster are trans- 
mitted in sequence because of a time- 
proportional displacement of the aper- 
ture along the raster lines. ‘The correla- 
tion of length and time units depend 
obviously on the dimensions of the raster, 
the order in which the raster lines are 
scanned, and the time 7, assigned for 


Otto H. Schade: 


the transmission of one picture frame. 
The principal relations are illustrated in 


Fig. 79 for a raster constant n, 12 and 


the normal frame aspect ratio H/V 
4/3. 


A time allowance must be made for 
synchronizing signals and the finite re- 
turn periods of the scanning apertures 
These time percentages are the “blank- 
ing”’ periods ¢,, and ¢,, in Figs. 79b and « 
which correspond to the blanking mar- 
gins 6, and 6, in Fig. 79a. 

The length unit / is the vertical frame 
dimension V, as indicated in Fig. 79a. 
In the vertical coordinate the length / or 
any subdivision down to Al = 1/N, 

1 n, corresponds to relatively long time 
intervals, i.e., low electrical frequencies 
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Fig. 85a. Composite print made by a photographic synthesis ( Fig. 84). 
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, 


Fig. 85b. Enlarged section of Fig. 85a showing edge ‘‘transients’’ in two coordinates. 
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Fig. 85c. Addition of optical line-raster process to Fig. 85b. 


A test pattern with V, = 
Fig. 79a) filling the entire frame area 
generates the video signal illustrated in 
Fig. 79b. 
required for the reproduction of vertical 


The electrical frequencies f, 


sine-wave samples NV, are determined by 
the raster constant n,. The highest elec- 
trical frequency f/f, max is generated when 
the signal amplitudes in successively tracedT 
raster lines alternate between two values. 
One period is, therefore, completed in the 
time 2¢, = 27;/n, (see Fig. 79b). 


In all properly operating television 


t It is noted that successively traced raster 
lines in a 2 to 1 interlaced raster are either 
the even or the odd numbered raster lines 
which correspond to a test pattern line 
number n,/2 Without interlacing, the 
frequency /, max has the same value but 
the test pattern line number producing it is 
With 2 to 1 interlace, a line 


number equal to n, causes constant ampli- 


equal to n,. 
tude signals in one complete field and con- 


stant signals of different amplitude in the 
following field 
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2 (right side of 


systems the electrical sine-wave response 
is unity and is without phase error from 
the frame frequency (1/7,) on upwards 
to far beyond the frequencies occurring 
in the reproduction of vertical sine-wave 


samples. The sine-wave response, there- 


fore, does not enter as a factor limiting 
the vertical response of the 
television system. The vertical response of 
the television system is determined entirely 


sine-wave 


by the raster constant n, and the two- 
dimensional apertures as de- 
scribed in the preceding section. 

In the horizontal coordinate the length 
3/4H (see Fig. 79c) and 
the length of half-waves //N, in a sine- 


system 


unit / = V = 


wave test pattern are scanned in very 
short time intervals ty, corresponding to 
high electrical frequencies. ‘The spatial 


frequency of the optical test pattern 


wave has the value 0.5.V,//. The hori- 
zontal time unit is three fourths of the 


active line time, and the electrical fre- 
quency corresponding to a line numbe1 


N, is therefore 
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0.5¢ Nan-/ 7; cycles /sec ) standard value is ¢ = (4/3)/- 
where (0.84 * 0.935) = 1.7 
7, = Frame time in seconds ( 50 
standard television system ) cluding the inactive lines in the blanking 
Number of active raster lines in ° . 
Senate iiinin margin 6, is usually stated as the scan- 
le > a “< ‘ 


Horizontal line number 
(H/V)/A b,X1 : the n, = n,/(1 b,) = 1.07 n, (62) 


The total number of scanning lines in- 


ning line number of the system, which is 
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Fig. 109, Al-3 and B1-3 at left, and 
Cl and C2 above. Grain structures of 
television and motion-picture processes. 


2. Theoretical Passband and Aperture 
(6,) of Television Systems 


The video frequency channel of the 


television system is determined by the 
frame time 77, the raster constant n,, and 
the desired horizontal cutoff resolution 


V1.) of the system; it is given for normal 
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blanking percentages by the relation 
Af = 0.85 Necaynr/ Ty cycles/sec (63) 


The product (V..,)n,) corresponds to the 


square of the equivalent passband N2 = 


(Nec) Nece)) Of an optical aperture. The 
relation between the theoretical passband 
Af of a television channel and its optical 
equivalent Nay is, therefore : 


V, f/f, = (N, ayn, )d = K(Af)4 (64) 


blanking 
proportionality factor has the value A = 
(7,/0.85)!. The product (N.,)n,) has 
the dimension (length) ~*, and its recipro- 


For normal percentages the 


cal represents a rectangular area of uni- 
form which 
garded as an equivalent point image or sam- 


transmittance may be re- 
pling aperture of a theoretical television channel. 
This equivalent sampling aperture is 
often referred to as a “‘picture-element.” 
The term is misleading because the con- 
cept of an element implies an invariable 
intensity distribution in a small area of 
fixed size. 
in one coordinate forms an infinite num- 


A process which is continuous 


ber of point images and its true ‘“‘ele- 
g 

Only a 

produce an 


mental” area is infinitesimal. 
point raster process can 
elemental area of finite size. 
The concepts of a two-dimensional aper- 
ture 6, having the exact response characteristi 
of a theoretical television channel is useful for 
an interpretation of electrical random 
fluctuations (noise) in terms of optical 
deviations. 
Electrical 
usually computed for a given passband 
Af having a theoretically sharp cutoff. 
Phis evaluation is analogous to the proc- 


signal-to-noise ratios are 


ess of sampling a two-dimensional grain 
structure with a measuring aperture 4,, 
= 6, of known geometry to determine a 
reference value [R],, for the particular 
The 


sources of electrical random fluctuations 


random structure (see Part II D). 


in a television system (see Fig. 65) can, 
therefore, be replaced by random part- 
icle structures scanned by a hypothetical 
television camera. The scanning aper- 
ture of this camera is infinitesimal and 
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Fig. 80. Equivalent point image or sam- 
pling aperture of theoretical television 
channel. 


its Output signals are modified by the 
equivalent passband .\,,,, of the system 


elements following the “noise’’ source. 
The granularity (noise level) of the struc- 
ture is computed by assuming that it is 


scanned with a measuring aperture 4,, 


Fig. 79. Corresponding lengths and time 
intervals of television frame and signals. 


6, which must fill the requirements that 
its signals are indistinguishable from 
electrical fluctuations in the correspond- 
ing theoretical channel Af. The hori- 
zontal sine-wave response of 6, is, there- 
fore, constant in the passband V,,) = 
Very), its equivalent vertical passband is 
Vice) = n,, and the aperture signals in 
different raster lines are uncorrelated. 
The frequency spectrum of 6, in the 
vertical coordinate may be determined as 
it is assumed for simplicity that 
A vertical cross 


follows: 
no interlacing is used. 
section in the frame area corresponds to a 
series of amplitude samples taken from 
the electrical aperture signal at the line 
intervals ¢, (see Fig. 79). The sampling 
of constant electrical sine-wave signals 
by the raster process results in a series of 
constant sample amplitudes (\V, = 0) for 
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all frequencies which are integral mul- 
tiples of the line frequency f, = 1/th. 
When the signal frequency is changed by 
an increment A’f = f,/2, the sample 
amplitudes alternate between two fixed 
values at a frequency corresponding to 
the line number V, = n,. Frequency 
increments A’f between A’f = 0 and 
A’f = f,/2 as well as between A’f = f, 
and A’ fr/2 a sequence of 
sample amplitudes identical with those 
obtained with an aperture sampling opti- 
cal sine-wave patterns with line numbers 
from NV, = 0 to NV, = n,. The ampli- 
tudes of the electrically taken samples 
vary according to the phase relation 


cause 


between sampling points and sine-wave 
signal, just as aperture samples depend 
in magnitude on the relative phase be- 
tween the raster lines and the optical 
sine-wave pattern. The electrical sam- 
ples can, therefore, be attributed to 
a hypothetical aperture 6, scanning sine- 
wave patterns with a line number range 
N, = 0to N, = n,. This range of line 
numbers is sampled repetitively through- 
out the video frequency band in every 
increment A’f = f,/2. Because the elec- 
trical response within any one of these 
small sections of the video passband is 
substantially constant, the rms values of 
the aperture signals at any one line 
number N 0 to n, from all sections 
A’f are alike. The vertical sine-wave 
response of 6; is constant between N = 0 
and N = n, and independent of the hori- 
zontal response characteristic of the 
video system. 

The (Fig. 70) 
transforms this limited constant ampli- 
tude spectrum into an infinite frequency 
spectrum (see section B4) which is subse- 
quently limited by the real aperture 6, 
following the raster process, and results 
in an overall response identical with the 
response characteristic of 6». An electrical 
“noise” source followed by a “‘flat’’ video 
channel Af with theoretical rectangular cutoff 
can, therefore, be replaced by a random par- 
ticle structure scanned by an aperture 6; having 
constant sine-wave response in both x- and y- 


raster characteristic 
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coordinates within the range of line numbers 
Necny and n, respectively, The equivalent 
passband of this hypothetical scanning 
aperture is Nay) = (Nun)! as stated 
by Eq. (64). 

It is of interest to determine the geo- 
metric characteristics of this aperture. 
A harmonic synthesis of the horizontal 
aperture cross section from its response 
characteristic (see Eq. 54) shows that the 
transmittance r, varies as a (sin x)/x func- 
tion (Fig. 80) and has positive and nega- 
tive portions decaying slowly to zero at 
infinity.f The central peak between the 
first zero points has a dimension 69 = 
2/Nen). The aperture transmittance 7, 
in the vertical coordinate (y) can be 
given a rectangular shape with constant 
transmittance*r, = 1 and a width s9 = 
1/n,. This dimension meets the require- 
ments N, n, and that signals in dif- 
ferent scanning lines be uncorrelated. 
The continuous sine-wave response (in 
y) of this rectangular aperture has a 
(sin x)/x form with a first zero at Ny = 
2n,. In conjunction with the raster char- 
acteristic, however, the (sin x)/x response 
produces a frequency spectrum identical 
with that from a constant aperture re- 
sponse in the range N/n, = 0 to 1, 
The (sin x)/x response “folded”? into 
this range results in unity rms response 
factors when the response factors of all 
input frequencies giving the same output 
frequency, are combined. 


3. Horizontal Sine-Wave Response and 
Aperture Characteristics of 
Electrooptical Systems 


The principal 
horizontal 
television 


(a) General Formulation. 
elements determining the 
response characteristic of a 
system are indicated in the block dia- 
gram Fig. 65. The horizontal sine-wave 
response of television systems can be 
made very dissimilar to that of optical 
systems by adjustment of the response 


t An optical synthesis of images with aper- 
tures containing negative flux components 
is discussed in the following section. 
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Fig. 81. Aperture correction circuit and response characteristics. 


The 


response of amplifiers and filter circuits 


characteristic rz of the video system 


is normally constant within a substantial 
portion of their passband but can also 
be given a rising characteristic by correc- 
tive networks. ‘The sine-wave response 
rz. of a two-stage amplifier circuit for cor- 
recting the sine-wave response of camera 
tubes is shown in Fig. 81. A_phase- 
correcting circuit is used in conjunction 
with the amplitude-correcting circuits 
Electrical 


termed aperture-correction circuits because 


networks of this type are 
they can completely or partially compen- 
sate the decreasing horizontal response 
The 


horizontal response of an electrooptical 


r{, of two-dimensional apertures. 


system is given in general by 


(rar Zl (Ni Nejh (65) 


where 


(repo Feltr ifs overall electri- 
cal response characteristics 

'zVz2 = response of preamplifier 
(7z12 = 1 for an equalized pre- 
amplifier, see discussion in 3(c) 
response factor of aperture cor- 
rection circuits (Fig. 81) 
response factor of low-pass filter 
(Fig. 82) 

horizontal cutoff resolution (Eq. 
65)) 

(rca) fib) NIN 


i response 
characteristic of all two-dimen- 


sional system apertures 


(6) Apertures and 
Electrical Elements 
tion rz, = 1/r 


Aperture Effects of 
An aperture correc- 
results in a system re- 
sponse equal to that of the cutoff filter: 
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Fig. 82. Sine-wave response of electrical low-pass filters. 
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Fig. 83. Sine-wave response of the eye at moderate brightness 
levels and a viewing distance d = 41. 


Tye rzy. The degree of aperture cor- 
rection permissible in a particular case 
depends on the horizontal resolution 
New) of the 


viewing distance which determines the 


television system and _ the 


relative response ol the eye. 


When the cascaded response character- 


aperture 


istic 7 Neve, including the visual system, 


¥ + 


departs markedly from that of an optical 
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aperture (excessive high-frequency ree 


sponse), the corresponding retinal point- 
image has abnormal characteristics be- 
(r,) with 
80). 


transitions 


cause it has a transmittance 


negative (compare Fig 
Such 


distorted by 


pol trons 


apertures Cause edge 


“transient” overshoots or 
oscillations, and result in a relief effect or 


multiple contour lines. It is not difficult 
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Fig. 84. Synthesis of a ‘‘flat’’-response characteristic with sharp cutoff 
by addition of 3 positive- and 2 negative-response characteristics of round 


apertures with uniform transmittance. 


to see that a system response ry.) extend- 
ing beyond two-thirds of the passband 
of the eye (see Fig. 83) can be given a 
constant value with sharp cutoff without 
causing an abnormal overall response in 
When the cutoff of 
the television system, however, occurs in 
the lower half of the visual passband, due 
to low system resolution or close viewing 
distances, aperture correction must be 
limited to a system response 7rj,,.) having 
to prevent ab- 
normal optical conditions in the retinal 
image. T 

The effects of apertures having negative 
transmittance can be demonstrated by a 


the retinal image. 


more gradual cutoff, 


t This subject will be discussed further in 


Part IV. 


photographic correction process. The 
response characteristic (6) of the point 
image shown in Fig. 84, for example, can 
be synthesized by superimposition of 
three positive and two negative com- 
ponents. Images can be synthesized by 
two sets of out-of-focus projections with 
appropriate lens stops. The positive- 
aperture effects are combined in one 
plate by a triple exposure. The negative- 
aperture plate is made by a double ex- 
posure with positive apertures and re- 
versed in polarity in a contact print. A 
composite priat from the positive and 
negative plates in register is shown in 
Figs. 85a and b and illustrates the tran- 
sients and sharp cutoff (in both image 
coordinates) produced by the response 


Figures 85a, 85b and 85c are on plate pages 116 and 117. 
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Fig. 86a. Normalized response characteristics for ‘‘flat’’ 
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Fig. 86b. Normalized response characteristics for ‘‘flat’’ 
channel with sharp-cutoff filter (Fig. 82) in cascade with ex- 
ponential apertures and 2X aperture correction (Fig. 81). 


characteristics, Fig. 84. The similarity 
with 
process can be increased by the addition 


an over-compensated _ television 
of a raster process as shown in Fig. @5c. 
At increased viewing distances the un- 
desirable transients disappear, because 
the overall response is then given a nor- 
mal shape by the eye characteristic. 

(c) Generalized Response Aperture 
Characteristics. ‘The response 
characteristics of electrooptical systems 


and 
sine-wave 


have been computed in normalized units 
as a function of system parameters to 
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Television Grain Structure 


The 


curve families Figs. 86 and 87 are plots 


simplify numerical evaluation 
of Eq. (65) for anelectrical response rz with 
four values cf aperture correction and two 
in cascade 
The 


cascaded response of all two-dimensional 


different filter characteristics, 
with various optical apertures. 


apertures in the system under considera- 
tion is closely approximated by the re- 
sponse characteristic r(J) of one equiva- 
lent exponential aperture (Fig. 44 and 
Table VII, Part II). The 


(N.d)/N-), specifies the equivalent pass- 


parameter! 
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Fig. 86d. Normalized response characteristics for ‘‘flat’’ 


channel with sharp-cutoff filter (Fig. 82) in cascade with ex- 
ponential apertures and 6 X aperture correction (Fig. 81). 
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Fig. 87b. Normalized response characteristics for ‘‘flat’’ 
channel with graduai-cutoff filter (Fig. 82) in cascade with ex- 
ponential apertures and 2 aperture correction (Fig. 81). 


band of this aperture relative to the 
theoretical bandwidth N.;, 
trical system. 
Nas, Of the response characteristics is 


of the elec- 
The equivalent passband 


specified likewise in relative units by the 
ratio a = (N,.)/N.), defined as the 
bandwidth factor in section D1 

If the system is considered as a purely 
electrical network, the aperture transmit- 
tance tT» of the system is its response to a 
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single impulse of infinitesimal duration 
Che optical equivalent is the response of 
the electrooptical system to isolated lines 
The 


shapes or aperture cross sections (trans- 


of infinitesimal width. impulse 
mittance 7,) corresponding to the re- 
sponse characteristics Figs. 86 and 87 
have been computed by a Fourier syn- 
thesis (Eq. (54)) which is valid for the 
condition of zero phase shift or a linear 
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Fig. 87c. Normalized response characteristics for ‘‘flat’’ 
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ponential apertures and 4X aperture correction (Fig. 81). 
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Fig. 87d. Normalized response characteristics for ‘‘flat’’ 
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4s 


with response characteristics Figs. 86 and 8 


in electrical and 


components can occul 


phase delay within the system passband 


also in optical elements (lenses, etc.). 


In 


The aperture cross section (7,) depends, 


is 


it 


properties 


aperture 


ol 


terms 


again, on the relative equivalent pass- 


band (a) as shown in Fig. 88. 


caused by an asymmetric aperture trans- 


mittance (coma for example) and results 


between — sine-wave 


distortion 


Phase 
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The electrical response to a step function, or 
the corresponding electrooptical response toa 





will be discussed with the subjects of im- 
age sharpness and definition in Part IV 


of this paper. 
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Fig. 91a. Normalized response characteristic for ‘‘peaked”’ 
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in cascade with ex- 


ponential apertures and 6X aperture correction (Fig. 81). 


the impulse function and shown in Fig. 
89a for zero phase distortion. The nor- 
malizing or ‘‘filtering”’ effect of larger two- 
dimensional apertures (low @) in cascade 
with the “abnormal” electrical response 
The peak-to- 


estimated 


characteristics is evident. 
peak transient ripple can be 
from the a-value by the curve shown in 
Fig. 89b. 

The response characteristics Figs. 86 
and 87 include a complete video system 
and are required for calculation of 
signal-to-deviation ratios originating in 
electrical sources ahead of the video 
amplifier or in photographic grain pat- 
terns ahead of the television system. 
Fluctuations (i)) (see Fig. 65) in the 
photo-emission current of the camera 
tubes are usually of negligible magnitude 
compared to fluctuations (7,) originating 
in the camera tube beam-current or in 
the current of the first amplifier stage. 
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(Fluctuations (é,) introduced later in the 
process of signal transmission (radio 
links, etc.) varv in magnitude according 
to distance and will be assumed negli- 
gible in this analysis.) ‘The location of 
the dominating source i, in the system 
is shown in more detail in Fig. 90a. The 
diagram Fig. 90b indicates the response 
characteristic rz, of the capacitive input 
circuits in which the response decreases 
with frequency, and following the re- 
sponse rz2 (high-peaking 
circuit) by which the signal response is 
again corrected to a constant-amplitude 
response 77177z2 rzi2 = 1. The equiva- 
lent diagram Fig. 90b that 
fluctuations ¢; originating in a Camera 
tube have a constant-amplitude _fre- 
quency spectrum and are termed flat 
channel noise. Fluctuations é, from the 


first video amplifier are modified in the 


characteristic 


illustrates 


input-correction circuit to have a sine- 
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Fig. 92b. Normalized response characteristic for ‘‘peaked”’ 
channel with gradual-cutoff filter (Fig. 82) in cascade with ex- 
ponential apertures and 2X aperture correction (Fig. 81). 


wave spectrum with amplitudes propor- V3 at N Ney) to obtain N., = New 


tional to frequency Lhis type of fluctua- for the theoretical condition (see section 


tion is termed peaked-channel nots: The D2.) In cascade with aperture correction 
response factor of the theoretical tri- circuits (7z.), the cutoff filter (rz,), and 
angular characteristic with sharp cutoff the apertures (rZ.,,) following the elec- 
has been normalized to the value rz; trical system, the frequency spectrum 
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Fig. 92c. Normalized response characteristic for ‘‘peaked’’ 
channel with gradual-cutoff filter (Fig. 82) in cascade with ex- 
ponential apertures and 4X aperture correction (Fig. 81 


for peaked channel noise is modified 
to the forms shown by the normalized 
response characteristics Figs. 91 and 92 

In the Fourier synthesis of the corre- 
transmittance (or 


sponding aperture 


impulse shape), the cosine terms are 
changed to negative sine terms because 
of a 90‘ phase shift in the reactive circuit 
(except for the lowest-frequency terms 
which can be negle ted because of then 
small amplitude) The impulse wave- 


form or horizontal-aperture transmit- 
tance of these characteristics is. therefore 
a differentiated pulse as shown in Fig 
93 (obtained by differentiating the cor- 
pulse shapes 


responding — flat-channe| 


(Fig. 88 


4. Aperture Response of Camera 
Tubes and Kinescopes 


he sine-wave response of televisior 


camera tubes is measured with the help of 
horizontal cross-section 


vertical and 
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se le tor circuits” using sine-wave test pat- 
terns or a conversion from square-wave 
The sine-wave 


response Characteristics 


response is determined primarily by the 


aperture characteristic of an electron 


beam but is modified by a number of 


secondary aperture effects, such as 
image-plate granularity, out-of-focus con- 
ditions (particularly in iconoscope and 
image-iconoscope types which have in- 
clined targets), or the aperture of elec- 
tron-image sections 

The sine-wave response of camera 
tubes, decreases, therefore, more rapidly 
than that of a kinescope and the effective 
aperture isa Composite ol several exXpo- 
nential ‘¢€~” ) spot sizes The sine- 
wave response of a typical camera tube 
is shown in Fig. 94. Although measured 
recently on image orthicons having 3-in 
faceplates this characteristic may be re- 
garded as typical of good commercial 


camera tubes in use at this time, includ- 
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Fig. 93. Impulse forms or aperture transmittance obtained 
with response characteristics Figs. 91 and 92. 
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Table XVI. Equivalent Passband 


\, and Approximate Limiting Resolution A 


of Television Components. 


Square spot 
Round spot 
Round spot 
E.xponential spot 
E-xponential spot 


l.ve at viewing ratio 


(lamera tubes 


Image iconoscope 

Image orthicon (type 5826 
Image orthicon 4}-in. faceplat 
Vidicon (type 6198) 

K inescopes 


at response 7 ~ 0.02 


ing iconoscopes and European orthicon 
and image-iconoscope types.t Accord- 
ing to the author’s experience and meas- 
urements, there is no evidence supporting 
statements often found in the literature 
that high-velocity tubes, such as_ the 
iconoscope types, have higher resolution. 
i.e., a better response characteristic than 
Theoretical advan- 


low-velocityv. tubes 


tages in one type are balanced by dis- 
advantages imposed by tube geometry 
or auxiliary components in other types 


The relative performance of different 


tubes is often thoughtlessly compared, 
disregarding large differences in the size 
of the storage surface and its capacitance. 


The response characteristics of an experi- 


\ recent publication! claims a resolution 
limit of 900 to 1000 lines for the center of a 
modern image iconoscope and about 700 
lines at the edges. Low-velocity types have 
very little astigmatism and a substantially 
correctly ad- 


uniform diameter for 


justed operating conditions 


spot 
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Part II, Fig. 41 
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mental high-definition unage orthicon 
having a larger storage surface is shown 
in Fig. 95, and that of a small vidicon in 
Fig. 96 (both are low-velocity types) 
The equivalent passband N. of the 
characteristic in Fig. 94 is 200; this value 
may be regarded as representative of 
good commercial Camera tube perform- 
ance at the present time \ppropriate 
values for resolution (N,) and equivalent 


passband NV, of camera tubes are listed 
in Table XVI 

The sine-wauve response characteristt of a 
The meas- 


Kinescope is shown in Fig. 97 
ured electrooptical response departs more 
or less from that of theoretical electron 
beams because of aberrations and the 
additional aperture effect of the particle 
structure of the screen phosphor. Uni- 
formity of the response in the frame area 
and resolution depend on the design of 
the electron gun, electron lens, and the 
operating conditions. The resolution of 
kinescope types may vary from a few 


hundred to several thousand lines. The 
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response Characterist retaims a shape I spees cers ; 
, az STORAGE-TYPE CAMERA TUBE 
similar to that in Fig. 9 Approximate |. EQUIVALENT PASSBAND Ne=200 |}: 
values of the equivalent passband (N,) i { Lise 4 
and limiting resolutian (\,) for a variety 


of kinescopes are listed in Table XVI 


























Fig. 94. Sine-wave response (7, 
of commercial camera tubes. 
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Fig. 95. Sine-wave response (7, ) of experi- 
mental high-definition camera tybes. 
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Fig. 96. Sine-wave response 
(rJ) of small camera tube (vidi- 
con) with photoconductive tar- 
get. 








400 
LINE NUMBER (N) 


August 1953 Journal of the SMPTE Vol. 61 





KINE SCOPE 
EQUIVALENT PASSBAND : 


ty + poet 


RESPONSE FACTOR 


LINE NUMBER (N) 


Fig. 97. 


Sine-wave response (1, 


of a kinescope. 


D. EQUIVALENT PASSBANDS AND SIGNAL-TO-DEVIATION RATIOS 


1. General Formulation 


Phe passband of an electrooptical sys- 
tem, such as a television system, has a 
definite value defined by the electrical 
or more adequately 


n,)? of the 


cutoff frequency /,, 
by the passband NV. (.\ 

theoretical measuring aperture. Because 
of the relation /// Vin/ Nem, fre- 
quencies and line numbers in the hori- 
zontal coordinate have been expressed 


(N/N.)) 


representation of the system response by 


in relative units permitting 


generalized characteristics Lhe 


lent horizontal passband N, 
optical system can hence be stated in the 


‘ qu a- 


h of an electro- 


general form 


aN / 
where 


(yz . veh AN/Ne) 


ary V/N rela 
tive equivalent passband 
response characterist« ot 


electrical system follewing 
ource of deviations 
response — characteristic ot 


aperture system following 


source of deviations 


Otto H. Schade: 


The SVSLCIN response in the vertical co- 
ordinate is determined completely by the 
and the two-dimen 


raster constant n 


sional apertures ol the sVstern and has 
likewise been expressed in relative units 


\ n Lhe 


\ of the svstem, can hence be 


equli alent vertica passband 


stated 
in the general form 

\'F ty (6 
The relative equivalent passband p 
NV n, is given by Eqs. (59), (60), o1 


Fig. 76 For deviations of electrical 


origin, the analyzing aperture 6, is the 
measuring aperture 6, of the theoretical 
(See section C2 


television system 


Phe equivalent’ vertical passband of 


6a 6, is hence N, n, and the 
vertical passband of the system is given 
exactly by kg (60). 16 \ \ 
and £ NV. 7 

[he factors @ and $ are detined b 
Eqs. (96) and (67) as rauios of the equiva 
lent horizontal or vertical passband ot 
the system to the corresponding theoret 
channe] 


handwunidth 


ical passband of the television 


and are, therefore, termed 


factors 


Television Grain Structure 





[he equivalent symmetric passband 
\..., of the system is the geometric mean 
of its equivalent horizontal and vertical 


passbands 


Vy, (aB)ACN-cayn,) (68) 


[he corresponding bandwidth factor 


aB)? of the system is the geometric 
mean of the horizontal and vertical band- 
width factors 

By combining Eq. (68) with Eq. (53), 
he signal-to-deviation ratio [R], at any 
point in an electrooptical system can be 


stated in the convenient form: 


R}, R| nl Neon) /Necs))/(aBs70 (69) 
the meaning of the symbols is summa- 


rized for easy reference 


R Signal-to-deviation or signal-to- 
noise ratio at origin of devia- 

tions 

Equivalent passband of aper- 

[R| » is com- 

puted or measured 

(Neayny 


ture of television channel 


ture with which 


theoretical aper- 


Horizontal bandwidth factor 
(Eq. (66 

Vertical bandwidth factor (hq 
(67 )) 

product of all point gammas be- 
tween origin of deviation and 


point of observation 


Deviations may originate ata number 
of points in the electrooptical system 
The 


from the various sources are computed 


indicated in Fig. 65 deviations 


separately (compare Part II) and com- 


bined by forming their rms sum 


Deviations (f) originating in the grain struc- 
ture of a preceding motion-picture process are 
transferred through the entire television 
system and observed in the final image 
Fluctuations originating in the electrical sys- 
likewise as two- 


tem are displayed 


dimensional deviations in a_ picture 


frame, but they are also observed and 
measured as signal-to-noise ratios at Various 
points of the electrical system In all 
cases the signal-to-deviation ratio [R], or 
ratio [R] may be 


signal-to-noise com- 
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puted with Eq. (69) by determining the 
proper reference values, bandwidth fac- 
tors, and point gammas of the systen 
elements involved in the transfer of sig- 
nals and deviations 
2. The Reference Values [{#],, and .\,.,, 
The signal-to-deviation ratio at the 
source is either computed or determined 


by measurements with an 
known equivalent passband .V,,,, 


aperture of 
Opti- 
cal deviations f originate in a photographic 
system preceding the television process 
and appear in the projected film image 
(Ag in Fig. 65) which can be regarded as 
the source of deviations. In a motion- 
picture transmission bv a television sys- 
tem, the normal motion-picture projec- 
tion lens 63 is replaced by the lens do of 
film camera (Fig. 65) 
When the lenses are of equal quality (6, 
= 63), the measuring aperture is simply 
Nim) N..,), and the reference signal- 
to-deviation ratio is [R],, = [R],, where 
Ven) and [R], are the equivalent pass- 


the television 


band and signal-to-deviation ratio of the 
normal motion-picture process as com- 
puted in Part II. 


not identical, Vom 


Can be 
with 1/N om)? = (1/Necp)*) — (1 
(1/.N..0)7) and 


[R]m = 


When the lenses are 
computed 


Nu?) + 


(RY) A Necmy/Necp )¥2/¥ (70 


Electrical fluctuations ig in photoelectru 
currents are normally computed from the 
number of electrons emitted in a time 
unit. The signal-to-noise ratio [R]o 
[R], can be obtained by the equivalent 
two-dimensional formulation given by 
Eq. (52) where fig is the number of elec- 
the total charge Q;/(H/V) 


in the unit area divided by the 


trons, i.¢., 
charge 
(qe) of one electron 


) 
(a i 


with the trame charge Q, 


R| [Ro 


) N. 


iy ic amp 
sec the ‘lectron charge q. 16 xX 10°? 
amp sec and the 


Nem = Ney 
channel: 


measuring aperture 


of the theoretical television 
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[oT 46 10'9 j — 
1.6(H/V ) 


photo current (amp 
frame time (4% see 
(1 ee | b,) 
factor (6 = 0.785) 
aspect ratio (/7/V = 4/3 
(Necan,)? (see hq. (64)) 


blanking 


Iluctuations i, in the beam current of tele- 
viston camera tube 


larly 


can be computed simi- 


from the values of beam current 
and storage capacitance of the tube.“ A 
ratio |R] is 
usually given by the manufacturer for a 


a frequency channel 


reference signal-to-noise 
specified frequency channel Af,. 
reference values for 
Af are therefore 


Rim = [Rl], = [R](4f,/Af)} 


and 


Te 


Camera tubes not having an electron 
multiplier, such as iconoscopes, image 
iconoscopes, orthicons (C.P.S. Emitron) 
and vidicons, require the use of high- 

amplifiers. = The 
in the first amplifier tube be- 
the dominant 


vain camera current 
fluctuations i» 
source. All 


amplifiers 


come noise 


high-gain camera have a 
capacitive input circuit (Fig. 90a) which 
causes the signal-input voltage on the 
first amplifier tube to decrease with fre- 
quency as indicated in the voltage dia- 
gram Tig. 90b. The decreasing sine- 
wave response rz, is, therefore, compen- 
sated by a corrective network (rz2) to a 
The 


first 


constant signal response rz\rz2 = 1. 
noise voltage @, generated by the 
amplifier current i, is inserted between 
the input and correction circuits, and its 
“tlat’ spectrum is modified by 
the response rz2 to a spectrum with rising 
amplitude response termed a ‘peaked’ 
channel [The amplifier circuit can 


therefore, be represented as a flat (com- 


normal 


pensated) signal channel (77; 1) into 
which a noise voltage @, is introduced 
over a peaked channel as indicated by 


Otto H. Schade: 


the equivalent voltage diagram Fig. 90« 

The rms-value [F], of the flat-channel 
noise voltage é, can be computed in first 
“equivalent 


approximation from the 


noise resistance” R,, of the amplifier 
and has the value 


[Ela = 1.3 K 10-|R,Af)h (74 


The corrective network rzo changes this 


tube® 


value by the factor 
a,x = [E]o/{[E]a 


be 
S(@/eoPo iM tI 
eo 


which is the rms value of the gain ratio 
(g/go) in the network. In terms of cir- 
cuit constants the gain ratio is equal to 
the impedance ratio w L/r, which in turn 
must equal the time constant w CR of the 
input circuit to obtain a complete com- 
pensation rzr7z = | Integration fur- 
nishes the value 


(wCR/V/3) = 2rAfCR/V/3 


ac= 


where 
( = effective capacitance of input cir- 
cuit in farads 
R = shunt resistance of input circuit in 
ohms 


For a general formulation it is expedi- 
ent to replace the actual noise source ¢, 
and 
source #2 generating the rms voltage [F}, 
in a flat channel Af and to change the 
spectrum to a “‘peaked” frequency spec- 


the correcting circuit by a noise 


trum by a correction network having a 
characteristic and 
V/3 at / I. 


The normalized characteristic rz, (see broken- 


normalized response 


the response factor rz2 


line curve in Fig. 91a) does not change 


the rms value [FE], because for rz. 


the rms voltage ratio of the 


V 5 at fe, 


normalized correction network has the 


value 


ad 
BE}: 


Ihe signal-to-noise ratio [R}. tor am 
plifier noise (equivalent circuit Fig. 90c) 
is computed as follows: 

The signal is the voltage 7 R developed 
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by the camera-tube signal current J in 
the input resistance R (Fig. 90a), because 
the effect of the shunt capacitance C has 
been compensated by a corrective net- 


work. ‘The noise source is considered as 





a flat-channel noise source having an 
rms voltage [FE]. a2,|F|,. Because of 











Iq. (77) the noise voltage after the peak- 
ing circuit has the same rms value. The 


(KINESCOPE) 


measuring aperture for the normalized 





circuit’ has the equivalent passband 
N om) Vuy, and the signal-to-noise 


ratio is [R]}» TR/a\E\,. With the 


values of Eqs. (74) and (76) 





SYNTHESIZING APERTURE 


[R]2 = 2.137 « 109/C(R,, MAS) (78) 





Phe signal-to-noise ratio [R]. of prac- 





tical amplifier circuits may have a lower 
value than the one computed with Eq 
(78) which neglects noise contributed by 





circuit resistances, subsequent amplifies 
stages, and the effects of feedback. ‘These 





contributions are usually small for cir- 
cuits using a pentode input stage (type 


TRANSFER 





6AC7) They are appreciable for a 
normal triode input stage but may be 





£ 


CORRECTION 


minimized by the use of special circuits 
and tubes having low grid-plate capaci- 








(VIDEO AMPLIFIER) 


APERT 


tance A typical input stage used in 





older camera amplifiers uses a type 6AC7 
amplifier tube as a pentode with the fol- 





ED) 


lowing constants 


< 


”) 
— 
Zz 
ud 
= 
WwW 
=) 
uJ 
= 
ive] 
= 
” 
= 
” 
= 
< 
4 
a 
be 
1) 
uJ 
4 
WWJ 


R.q = 720 ohm, C = 30 X 107 farad, 
R 105 ohm 


IRMAL 


(Psv 











The maximum signal current Loox.) from 


Fig. 98. Noise sources and elements of television process. 


camera tubes not having an electron 
multiplier is of the same order: Timex) = 
0.1 * 10-%amp. With these values Eq 
(78) furnishes the value [R ]o max ina 


frequency channel Af 4.25 X 10! 














cyve les SCC 





Modern high-gain camera amplifiers 
use special high-transconductance triodes 
with a somewhat higher effective capaci 
tance but a much lower equivalent noise 
resistance R,, ~ 110 ohm in a ‘cascode’ 
circuit, resulting in an improved signal- 
to-noise ratio [R fo ma. ~ 70 for Af = 4.25 
x 10° cycles/sec. ‘The variation of 
[R]. as a function of signal current, fre- 


NG APERTURE 8 
CAMERA) 


LY2Z 


ANA 
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quency channel or other parameters ts niin») may include the response of the 
readily computed with Eq. (78). Refer- eye). Integration of the squared nor- 
ence values for various camera-tube — malized response characteristics Figs. 86 
types are listed in Table XVII and 8&7 furnishes electrooptical band- 
: width factors @ for case 1 and for case 
3. Bandwidth Factors . . 
with electrical flat channel noise sources 
The ratios of the equivalent passbands ¢;._ For convenience in plotting, the cor- 
ol an elec troop al system to the theoreti- responding square roots a are shown in 
cal equivalents .\ and n, of its electri- Fig. 99 Phe bandwidth factors for 
cal system (Eqs. (66), (67). (68)) have peaked channel noise sources ¢» have 
been termed bandwidth factors. A sys- | been computed similarly for the charac- 
lem containing two-dimensional aper- teristics Figs. 91 and 92, and their square 
tures has korizontal and vertical band- — roots are shown in Fig. 100 
width factors a and § and its equivalent hor deviations ¥ of optical origin 
symmetric aperture has a bandwidth fac- the vertical bandwidth factor 38 may be 
tor (af)? which is their geometric mean obtained from Fig. 76 or computed with 
lhe horizontal bandwidth factor a includes Eqs. (59) or (60). For deviations of elec- 
the response ry of two-dimensional aper- trical origin (é@; or é») the exact value ol 
tures as stated by Eq. (66). It is used to — the vertical bandwidth factor of the sys- 
compute the signal-to-deviation ratio — tem is given by 
in the final image frame for deviations (A PY 
originating (1) in a photographic proc- 
ess ahead of the television system or (2) lt has been shown that the electrical 
in electrical notse sources. In case 1 the circuit response of a television system has 
two-dimensional aperture response — is no effect on the vertical aperture re 
» 


r (riay? )- Be came 2 , sponse of the system. ‘The vertical band 


because only apertures following the — width factor 8 of electrical elements is 


electrical network are in the = system therefore, 8 = 1. The bandwidth fac 


lable XVII. Maximum Signal-to-Noise Ratios [/],, ,,,,,, of Various 
Camera-Tube Types for Theoretical Channel Af = 4.25 Mc. 


\pprox 
target 
{ ipact 
tance Noise 


I ube type ( psf ) ) — source Spectrum 


Iconoscope Film Pickup 10000 , peaked 
Vidicon type 6198 Film = 2200 § ; peaked 
Image iconoscope Live : 6000 peaked 
(rthicon * (without Live . 700 peaked 

multiplier ) 
Image orthicon 
Type 5820 

826 

High-definition +) 

in. faceplate) image 

orthicon Lave 1100 


* Similar to C.P.S. Emitron 
* See Fig. 98 
Vole R|, for @. 1s obtained only with modern cascode input circuits (see text 


Otto H. Schade: Television Grain Structure 
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Fig. 99a. Bandwidth factors for ‘‘flat’’? channel noise sources 
with sharp-cutoff filter (Fig. 82) and aperture correction (Fig. 
81) in cascade with exponential aperture. 


or (a)? of the equivalent aperture of is introduced to avoid contusion and indi- 
electrical networks in an electrooptical — cate that this factor is reserved for purely 
system (excluding optical elements) has. — electrical systems According to Eq 
theretore, a value n a?, Le... it Is 66). electrical handuidth factors m are de- 
equal to the square root of its horizontal — fined by 

bandwidth factor n The new symbol m m = (Afe/Af) = fo! 
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in casca 


Actual measurements of the electrical 
sources, 


signal-to-noise ratio are necessarily made 


at points following a cutoff filter, 


cal 





Table XVIII. Square Roots of Electrical Bandwidth Factors m’. 


\perture 
correction 


(Fig. 81 


Cutoff filtes 
(Fig. 82) at N 


Sharp 


Gradual 


characteristics (rz,) and four values of 


‘ 


aperture correction (rz,), and are listed 
in Table XVIII 

The 
ratios |R]| in the electrical system and 
ratios [R], in the 


final image by means of Eqs. (80) and 


calculation of — signal-to-noise 


signal-to-deviation 


(69) respec tively. is now a simple opera- 


E. THE SIGNAL-TO-DEVIATION CHARACTERISTIC [Rk], 


Noise source é2 
(peaked spectrum ) 
} 


Noise source 2; 
(flat spectrum ) 
my 3 me 


0 YS 
26 
63 
2 
4 


76 


914 
47 
0 


wewnrno — 


tion because the bandwidth factors m, a, 
and § or their square roots have been 
The values [R], 


level and point 


tabulated or plotted. 
change with signal 
gamma (y) as in photographic systems. 
A comparison requires, therefore, evalua- 
tion of the signal-to-deviation characteristi 


[R|, as a function of screen luminance. 


f( B) 


OF TELEVISION PICTURE FRAMES 


Lelevision-signal generators and cam- 
era tubes may be divided into two groups 
One group, including light-spot scanners 
(flying-spot scanner) and image-dissector 
tubes, has no charge-storing elements and 
operates without auxiliary currents. 
The photoelectric signals are amplified 
by built-in electron multipliers and have 
a sufficiently large magnitude to make 
the noise contribution by amplifier tubes 
negligible The 
[R|,, is therefore a function of the photo- 


72) and 


signal-to-noise ratio 


current only (Eq varies as the 


half power of the signal current 


R |R [Rlo max (0/1 (82 


The second group of camera tubes has 


charge-storing elements (mosaics or 


targets), and employs electron beams for 
signal development. ‘This group includes 


camera tubes having  photo-emissive 
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surfaces such as are used in the icono- 
scope, image iconoscope, orthicon and 
image orthicon, or photoconductive lay- 
ers as used in the vidicon. The image 
orthicon is the only type in use having a 
built-in electron multiplier. It can, 
therefore, develop large signals and has 
a “flat” noise spectrum like that of multi- 
plier phototubes. The signal-to-noise 
ratio [R], [R};, however, 


direct proportion to the signal current, 


varies in 


because the dominant noise source is the 
constant-beam current 


[Rlm = [Rli = [Rli max 1/2) (83a 


The camera tubes not having electron 
multipliers (iconoscope and orthicon and 
vidicon types) have a relatively small 
signal-current output. Their signal-to- 
noise ratio [R],, = [R]» is controlled by 
amplifier (Eq. (78)) 


the constant not se 
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which has a “peaked” frequency spec- 
trum and [R], varies in proportion to the 
signal current: 


R\, = (R], =([R 


lo max (1/1) (83b) 


The optical signal-to-deviation ratio [R|, 
in one picture frame is computed with Eq. 
(69). With the substitutions from Eqs 
(82) or (83) for [R],,, and with V,,, 
Vey, the 


ratio for the first group of signal sources 


optical _ signal-to-deviation 


may be written: 
R}, [Rlon 4x (1/T)} (aB)by uy (84 


and for the second group of storage tubes: 


[R], = [R _ (I/1)/(ap)}y y, (85a 


and 


Ri, = max (U/d 


(ag by Y 
where 


point gamma of video amplifier 

system 

= point gamma _ of succeeding 

aperture processes including kin- 
escope (¥ 

and [{R], = signal-to-noise ratios 

with ‘“‘flat”’ 


[R],. = signal-to-noise 


noise spectrum 
ratio with 


“peaked” noise spectrum 


1. Effect of Transfer Characteristics 
and Point Gamma on [Rf], 


The relation of luminance (B) in a pic- 
ture frame to the signal current J and 
camera-tube 


scene luminance OI eX po- 


sure (£,) is determined by the transfer 


characteristics of the system elements 
A valid comparison of the signal-to-devi- 
ation ratios obtained with different 
television-camera types requires that the 
overall transfer characteristic (tone scale) 
of the system be identical. This require- 
ment is met when the point gammas 


1 Vivey» Of the television systems are 


T 
alike at the same lurfinance values. It 


is of interest to examine first the general 
effect of the camera-tube gamma (7;) on 
the shape of the signal-to-deviation char- 
acteristic [R], 


the relative visibility of deviations in the 


{(B), which determines 
luminance range. 


Otto H. Schade: 


The [R],-characteristic can have dif 
ferent shapes depending on the camera- 
tube gamma (¥7;), even though the over- 
all gamma of the television system has 
fixed values yr. 

(a) The Relative Signal-to-Deviation 
Ratios [R],/{[R|max of Constant Gamma Sys- 
tems With Camera Tubes Having Constant 
that 
as well as the camera-tube 
The 
relative-signal current of the camera tube 
is then simply / i (E,/E\)™, 


(£\/F) is the relative exposure 


Gamma. It is assumed the system 
gamma y7 
gamma y; have constant values 
where 
With 
this relation and the substitutions 7,7» 
y7r/7¥1 Eq. (85a) takes the form: 

(R]. = (Rl, (FE, /k,)™ 


(af } 


max 
In terms of screen luminance (BB) 
(££) "7, this expression may be written 


)/(aB)s 
(RG 


R}, = (R}: max (B/B)Y71(y, 


max v7 

Inspection of Eq. (86) shows that the 
slope of the [R],-characteristic is con- 
trolled by the exponent (y:/yr) of the 
(BB). A 


(86) furnishes straight-line 


relative screen luminance 
plot of Eq 
characteristics in log coordinates with a 
maximum value [R],/[R]i max 
(y:1/yr)/(aB)) at (B/B) = 1 and the 
constant siope (y1/ yr) as shown in Fig 
101 for (a@B) 
gamma Y7 Lz. 
101 that only 
[R], is 
BB 
below the value 7; 
of a larger reduction of [R], in the high- 
light values B/B 0.2 to 1. The pre- 
camera-tube gamma for a 


1 and an overall constant 
It is seen from Fig 
a minor improvement of 
obtained in the shadow tones 
0.01 to 0.04 by decreasing y; 


0.6 at the expense 


ferred con- 


stant-sysiem gamma yr 1.2 is there- 
fore y; optimum ~ 0.6. 

(hb) The 
ratios [FE] 


gamma. 


relative srpnal-to-deviation 

[R]max Of systems with variable 
It is impractical and actually 
undesirable to provide a constant overall 
gamma for the television system because 
of the finite limits imposed on the tone 
range by all practical imaging devices. 


According to photographic experience 
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Table XIX. Relative Signal-to-Deviation Ratios [2],/[R]; max for Image Orthicon 
(Also Iconoscope Film Pickup )* With Linear Amplifier (7, = 1), Kinescope Bias 
E,/E = 0.13 (Fig. 21, Part I) and a8 = 1. 


A 


E/E / B/B V2 [R]./(R]1 max 


0 01 0 0.015 0.17 153 
02 0 ? 0.0185 0 40 142 

0 04 0 125 0 031 0.95 132 

0 07 Oo. * 0.06 1.45 152 

0.10 0 295 0.095 1.70 174 

0.20 0 47 0.22 1.90 247 

0.40 0 0.46 2 00 

0 70 0.88 0.77 2 05 

1 00 1.00 1. 00 2 10 

(1) (1)(2) (2) (3) 


Notes (1) From Fig. 6, Part I. (2) From Fig. 21, 
(4) Eq. (83a). (5) From Fig. 7, Part I. 


* Transfer characteristic for FE, ~~ 15, Fig. 11, Part I. 


Table XX. Relative Signal-to-Deviation Ratios [?],/[R]»2 mo. for 
Image Iconoscope, and Orthicon (y, = 1). 


Image iconoscope * Orthicon, linear vidicon, y; = 1 


7 


I/I Vv2 ~~ [R),/[R] 2 me j v2  {R},/{R}: 


0035 5.3 0 0 2 0.051 
019 0.2 2 r 0. 045 
06 r 0.72 0 45 0.038 
12 
18 
33 


0 23 0 057 
0 275 0.079 
0.182 


82 
00 50 


43 70 0.875 
x0 00 


1 
1 
l 
3K 7 1.40 40 0.41 
l 
1 


“Transfer characteristic similar to iconoscope for F, ~& 4, Fig 


Table XXI. Relative Signal-to-Deviation Ratios [/],/{/] 
Vidicon (y, = 0.6) and Light-Spot Scanner (7, = 1). 


Vidicon, y; = 0.6 Light-spot scanner, 7; = 1 


4 R)./1R) 2 max i V2 ~—s«TRI,/[R]o 


s 


33 0.194 0.20 0.51 
77 0.126 0.46 0.308 
4 0 085 2 0.191 

0.10 2 2 0.215 
BY 0.12 3 275 0.248 
84 0.21 0.406 
64 0.348 0.645 
34 0.596 1.045 

0 93 0.65 1.54 
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the most pleasing transfer characteristics 
are s-shaped as shown by Fig. 102 with 
a center-range gamma in the order of 1.2 
The 


with linear amplifiers (y, = 1) 


transfer characteristics obtained 
from 
iconoscopes used for motion-picture film pickup 
or from image orthicons (studio pickups) 
are similar to that of a motion-picture 
process and will therefore be used as a 
representative standard.t For compari- 
son the amplifier gamma (¥7,) for all 
other camera-tube types will be adjusted 
to result in a system gamma (yr) and a 
transfer characteristic equal to curve 1 
in Fig. 102. 

Because the video amplifier is linear 
(y, = 
at the kinescope grid is directly equal to 
the relative-signal current J 7 from the 
tube. 


camera Corresponding values of 


screen luminance B/B and ¥2 for the 


1/1 obtained from a repre- 


signals ky) kb 
sentative kinescope characteristic (Fig. 
21, Part 1) are listed in columns 3 and 4 


of Table XIX. 


deviation ratio [R],/[R]: max computed 


The relative signal-to- 
with Eq. (85a) for aB = 1, ¥ 1 and 
yo = ¥2 is tabulated in column 5, and 
shown by curve 1 in Fig. 103. Columns 


of Table XLX list the point- 


values of 


6 and 
gamma the image orthicon 
(Fig. 
(yr) of the overall system characteristic 


7, Part I) and the point gamma 


curve 1 in Fig. 102. 

[he signal-to-deviation characteristic 
for an image-iconoscope Camera Chain giv- 
ing an identical overall transfer charac- 
teristic is readily computed by tabulating 
its signal-current ratio /// and 71 for the 
same relative exposure values F£, E, as 
listed in Table XX. 
Yr/¥i is then computed for the desired 


Table XIX. 


The product 7.72 


values yr of The corre- 
t A different reference characteristic would 


not change relative performance values 


between television-camera tubes. 


Otto H. Schade: 


1), the relative-signal voltage FE E 


BANDWIDTH FACTOA «@=i 
OVERALL GAMMA ¥7=12 ~- 


% {fr} 
+ 


+... = SLOPE 
mon _ 
08634 } 
0666 
0.5 


RELATIVE SIGNAL-TO-DEVIATION RATIO ([R),/[Rlmes) 


nN 


° 
° 


4 6 80, 2 4 
RELATIVE SCREEN LUMINANCE (8/6) 


° 
2 


Fig. 101. Relative signal-to-deviation 
ratio of television systems having the 
same constant overall gamma and con- 
stant ‘‘flat’? channel noise-level, but 
camera tubes with different constant 
gamma values. 


sponding signal-to-deviation ratios are 
Table XX 


also lists the values obtained similarly for 


shown as curve 3 in Fig. 103 


an orthicon or a linear vidicon cameva (¥ 
£}, The 


ratios for a 


signal-to-deviation 
with lou 
gamma (¥; = 0.6) and a light-spot scanner 
(y1 = 1) are given in Table XXI. The 


values for the light-spot scanner photo- 


relative 


vidicon constant 


calculation — of 
The 


Camera 


tube signals require 
(1/T)} because of Eq. (84). 
ferred 


pre- 
characteristic for tubes 
103) is that of the 


image orthicon and iconoscope (curves 


(curves 1 to 5 in Fig 


1 and 2) which is a close approach to the 
characteristic obtained from a theoretical 
constant-gamma system with a camera- 
0.6. 


tube gamma y,; The previous 


conclusion that a ¥; 0.6 is optimum 
does, therefore, not apply to a system 
with variable gamma as seen by com- 
parison of curve 5 of Fig. 103 with curve 
0.6 of Fig. 101. 
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Fig. 102. Transfer characteristics of 


motion-picture and television processes. 
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Fig. 103. Relative signal-to-deviation 
ratios of television systems using various 
camera-tube types having equal signal- 
to-noise ratios {K],, at the source and 
gamma correction to obtain the transfer 
characteristic 1, Fig. 102. 
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Fig. 104a. Signal-to-deviation ratios at 
the screen of standard 525-line USA tele- 
vision systems using an average kine- 
scope (.V..,) = 265), no aperture correc- 
tion, but gamma correction to obtain the 
transfer characteristic 1, Fig. 102. 


CURVE LEGEND AS IN FIG 104A 


OF=425 Mc, Ne ='53 
NO APERTURE Tharection SEE T 


SIGNAL-TO-DEVIATION RATIO [R], 


10 


001 - 


RELA IVE i (e/) 

Fig. 104b. Signal-to-deviation ratios in 
the retinal image for the conditions of 
Fig. 104a modified by a viewing distance 
d = 4V, which changes N,,,) to 153. 





2. Signal-to-Deviation Characteristics of 
Image Frames on the Kinescope Screen 
and at the Retina of the Eye 

The signal-to-deviation characteristics 
in Fig. 103 are relative characteristics 
computed for identical transfer charac- 
1, Fig. 102), 
signal-to-noise ratios at the source, and 


(ap) l. A 


numerical COMparison ol Image granu- 


teristics (curve identical 


bandwidth factors 


larity requires adjustment of the [R],- 


scale according to actually obtained 


signal-to-noise ratios |R],, and band- 


width factors (af)? for representative 
electrical systems and succeeding optical 
apertures (NV ,.,)) The characteristics 
|R], {(B B) are obtained according 
to Eqs. (84) and (85) by multiplication 
of the relative characteristics in Fig. 103 
with appropriate scale factors [R]m max/- 
(a@B)? Electrical aperture correction 
and variation of the optical aperture 
have a considerable effect 
values [R],, 
differ substantially for flat- and peaked- 


The 


magnitude and appearance of deviations 


passband NV, 


on the numerical which 


channel noise sources relative 
in the retinal image vary with viewing 
distance and can be computed by includ- 
ing the aperture process of the eye in the 
value .\,,,, as shown in the following ex- 
amples 


J at NV.) 


the system are 


Without aperture correction (rz 
the factors m) and a?! of 
determined by the type of noise source 
(flat or peaked), the cutoff filter, and the 
equivalent passband .\,,,, of the optical 
apertures following the point of noise 
insertion, while ~) is determined by 


n, and N, 


standard (I 


Che values computed 
S.A.) 


television channel and a typical kine- 


only 


for a monochrome 


scope are given in Table XXII and Figs 


104a 104b When the passband 


Ven) of the optical-system apertures is 


and 


changed, the [R] -characteristics for all 


camera chains with flat-channel noise 
sources are shifted as a group with re- 
spect to the group of [R],-characteristics 
for camera chains with peaked-channel 


noise sources because the difference in the 


Otto H. Schade: 


horizontal frequency spectra causes a 
to change by different factors (see Figs 
99 to 100) Lhe visual appearance of grain 
structures depends on the granularity of 
which can be com- 


the retinal image 


puted as follows For direct-viewing 
conditions the equivalent passband \ 
is the cascaded value for the kinescope 


V.2) and the eve CN, ened} 


function ol 


which varies 
and 


field 


as a viewing distance, 
obtained for an 


4 to 10 ft-L from 


may be average 


luminance of 
52 (1 


The 104a 


sent, therefore, a close viewing distance 


characteristics in Fig repre- 


where JV, is substantially equal to the 
equivalent passband of the kinescope 
N 2b) = N, 
viewing raulo to dV 1 
VY. to 188 


265. An increase of the 
changes 
and the cascaded value 
Eq. (30b), Part IL) of kinescope and eye 


to N, 


istics given in Fig 


153, resulting in the character- 
104b 


sions can be drawn, it is advisable to con- 


Before conclu- 


sider the effects of aperture correction, 
> Jat N 


to increase the high-frequency sine-wave 


Aperture correction (rz ) is used 
signals from the camera tube in order to 
obtain better definition. ‘The magnitude 
of the correction depends on the response 
of the camera tube and varies, therefore, 
A change of the 

of the 


for different tube types 


high-frequency response video 


amplifier, however, alters its relative 
passband and the bandwidth factors m 
and @ <A proper comparison of [R|,- 
different 


based on the 


characteristics from camera 


tubes should therefore be 


additional condition that the horizontal 


sine-wave response rj\rz of Camera tube, 


aperture-correcting circuit, and electrical 
filter is adjusted to be substantially alike 
The correction required fer each case 


can be determined as follows Assume 


that it is desired to obtain a response 


riir- equal to that of the sharp-cutoff filter 


shown in Fig. 82. ‘This filter has a factor 


m? 0.975 It is only necessary to 


determine the bandwidth factor a, 


Vii/.N.), of the camera tube, locate it 
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VE SCREEN LUMINANCE (6/8) 


Fig. 105a. Signal-to-deviation ratios at 
the screen of standard 525-line USA tele- 
vision systems using an average kine- 
scope (.V,.») = 265), aperture correction 
for equal horizontal sine-wave response, 
and gamma correction to obtain the 
transfer characteristic 1, Fig. 102. 


on the abscissa of Fig. 99a and read off 
the aperture correction required for the 
0.975 A 
tabulation of the values obtained for a 
channel (N,,; 
column 3. of 


desired value a? m 


staudard television 
340) is 
AAT 


correction 


Table 


The various degrees of aperture 


given in 


alter the factors a? of the 


system following the point of “noise” 


insertion as listed in column 4 for the 


previously used apertures N,.; 265 


and Nw 


system. 


153 following the electrical 
The corresponding [R],-char- 
acteristics shown in Figs. 105a and 105b 
are based on equal transfer characteris- 
tics and equal horizontal response in a 
channel with n, 
340, 


standard television 
490 and N,v; 

A comparison of the signal-to-deviation 
characteristics of a standard 35mm mo- 
tion-picture projection (Fig. 57b, Part IT) 
and television images of similar quality 
Table XXIV and Figs. 106a, 


is given in 


Otto H. Schade: 
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MAX APERTURE CORRECTION, SEE TABLE XXII 
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RELATIVE LUMINANCE (6/6) 


Fig. 105b. Signal-to-deviation ratios in 
the retinal image for the conditions of 
Fig. 105a modified by a viewing distance 
d = 4V. 
shown in 


106c. It will be 


that a 30-frame television system 


106b, and 
Part IV 
having n 
band Af 


35mm motion-picture performance 


625 lines and a video pass- 
8 me is adequate to duplicate 
This 
performance can be obtained only with 
high-quality signal sources, maximum 
aperture correction and high-quality re- 
producers (Ny. 400). The perform- 
ance of all camera-tube types, however, 


The 


represent 


has been computed for comparison. 
106a 
conditions at the screen and Figs. 106b 
and 106 


viewing distances d 


|R|,-characteristics Fig 


at the retina of the eye for the 
2.5V and 4V re- 
The motion-picture charac- 
|R | ,-charac- 
teristic shown in Fig. 57b of Part II. At 


2.5V the equiva- 


spec tively 


teristic in Fig. 106a is the 


a viewing distance d 
lent passband of the eye is NV,,,,, 300 
( Eq (87)) In cascade with the equiva- 


lent passband NV, 370 of the motion 


J 


picture, the overall system passband be- 
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Fig. 106a. Signal-to-deviation ratios at 
the screens of 35mm motion-picture and 
625-line theater-television systems (A/ = 
8 mc) having the transfer characteristics 
in Fig. 102, a television projector with 
\..») = 400 and high aperture correction 
to provide equivalent sharpness (see 
text 


comes NV... 233. ‘The motion-picture 


characteristic in Fig. 106b is obtained 
with [R], [R], (370/233) and in Fig. 
106c with [R], [R], (370/188) be- 
cause in these cases the relative amplitude 
deviation 


and the products [R],.V, 
stantially 


distribution in the spectrum 
remain sub- 
22, Part II) 


The characteristics in Fig. 106 show that 


constant (see p 
in the medium and light tone range the 
motion-picture frames have larger devia- 
tions (lower [#].) than the television sys- 
that the 
granularity of the motion picture is lower 


tems curves 0, ic and 5, but 
in the shadow tones 

With increasing viewing distance, the 
signal-to-deviation characteristic of the 
aperture-corre¢ ted television systems im- 
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Fig. 106b. Signal-to-deviation ratios in 
the retinal image for the conditions of 
Fig. 106a modified by a viewing distance 
d = 2.5V. 
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Fig. 106c. Signal-to-deviation ratios in 
the retinal image for the conditions of 
Fig. 106a modified by a viewing distance 
d = 4V, 
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that of the 
It must also be borne in 


proves more rapidly than 
motion picture 
mind that the signal-to-deviation ratios 
evaluated for the motion 
that 


scratches which 


picture are 


values neglect all defects and 


noticeably increase the 
deviation level in the film projection 
above the ideal values after relatively few 
runs, as borne out by measurements of the 
track of 


There is no paral- 


noise level from the sound 
mouon-picture film. 
lel degradation in live-television systems, 
because every showing is a “‘first’? show- 
ing The signal-to-deviation character- 
istics of the theater-television systems 
using the high-definition image orthicon 
(Fig. 95), light-spot scanners, or the 
type-6198 vidicon are, therefore, satis- 
factory in comparison with motion pic- 
tures. The definition obtained with the 
type-6198 


vidicon, however, is not 


equivalent to 35mm motion pictures 


and 


3. Equivalent Passband (.\, 


Sine-Wave Amplitudes 


Amplitude distribution and .V,-values 
for the sine-wave spectrum of the devia- 
tions in a television frame can be com- 
puted accurately from the products of 
corresponding response factors for the sys- 
tem elements following the noise source 

Ihe sine-wave response of a particular 
combination of elements can be approxi- 
mated with good accuracy by one of the 
normalized characteristics given in this 
paper Ihe analysis of the intensity dis- 
tribution in the vertical coordinate (Eq 
(57) and Fig. 70) has shown that the 
television raster may produce a carriet 
series of sine-wave 


wave containing a 


components with fixed amplitudes 


These constant carrier Components are 
not included in the total energy of the 


When 


inate in electrical elements, the vertical- 


deviations. the deviations orig- 
frequency spectrum is in all cases that of 
the aperture 6, following the electrical 
2) The 


theater-television 


elements (see section sine- 


wave response of SVS- 


tems (not including camera) is_ illus- 


Otto H. Schade: 


trated in Fig. 107. The response factors 
are by definition the amplitudes obtained 
with a normalized sine-wave energy in- 
put into the theoretical television chan- 
nel, ie 

[E}, 1 


the horizontal and 


for an rms noise input voltage 

Phe equivalent passbands in 
vertical coordinates 
have been related to the theoretical pass- 
band by bandwidth factors; NV, 


aN.and N,,, 


by normalized 


Bn, to permit evaluation 

The 
equivalent: passband (N...)) of the sys- 
(635) (see 
While the 
and 


characteristics 


tem is computed with Eq 
lables XXII to XXIV) T 
response factors in the horizontal 
vertical coordinates are independent of 
one another, the actual amplitudes of the 
sine-wave flux components of the devia- 
tion flux are not, because the total sine- 
wave deviation energy Po CN, is inde- 
For a normalized 


1, the 


amplitude scale factor is therefore « 


pendent of direction. 
deviation “‘output” energy Po 
V. > for symmetrical apertures, and the 
f(N) is 


response 


amplitude distribution Y,x 
obtained by multiplying the 


factors ry by the scale factor: 


Similarly for television systems: 


( Gn, ) 


Phe relative amplitude characteristics 
corresponding to Fig. 107 are shown in 


Fig. 108. The characteristic of the 35mm 


+ Because of aperture correction the value 


does exceed the theoretical value 


considerably for the condition V 
400 in Table XXIV 


condition exists for deviations only 


This abnormal 
and it 
should be remembered that an equivalent 
passband is by definition a “flat” passband 
which would contain the same total devia- 
tion energy he system response to sine- 
wave components in picture signals is nor- 


mal, because it includes the decreasing 


response of the camera tube 


Television Grain Structure 
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Fig. 108a. Relative am- 
plitudes of sine-wave spec- 
tra for equal-energy signals 
and deviationsat the screen 
of theater-television and 
motion-picture systems. 
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Fig. 108b. Relative am- 
plitudes of sine-wave spec- 
tra for equal-energy signals 
and deviations at a viewing 
distance d = 2.5) from the 
screen of theater-television 
and motion-picture  sys- 
tems. 
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motion picture in Fig. 1084 is that of 
Fig. 59, Part I], normalized for Po l 
by multiplication with « 370-5 

0.0518, and by « 33° 0.0653 for 


Fig. 108b, which represents conditions at 
the retina for a viewing distance d 
2.5V 

The visual appearance of the grain 
structures in motion-picture and _ televi- 
sion frames is indicated by the amplitude 
spectra (Fig. 108) for equal signal-to- 
deviation ratios. ‘The vertical spectra are 
substantially identical and the prepon- 
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derance of low frequencies indicates a 
soft grain structure. ‘The horizontal tele- 
vision spectra for “flat” channel devia- 
tions (0, 14, 1c) have a somewhat smaller 
and sharper appearing grain size. ‘The 
“peaked” channel deviations (3, 4, 5) 
containing no low frequencies and hav- 
ing maximum energy at a fairly high 
line number (V = 400 to 500), have a 
smaller and more uniform appearing 
grain size 

rhis interpretation of the amplitude 
spectra may be compared with the grain 
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Figure 109 is on plate pages 118 and 119. 


structure photographs shown in Fig. 109 
taken 
similar conditions in a 4.5-mc system for 


which were under somewhat 
the purpose of measuring the deviation 
ratio in an image frame by sampling with 
a physical aperture. The linear dimen- 
sion of the samples in Fig. 109 is approxi- 
mately one-fourteenth of a picture frame. 
The samples A, B and C are photographs 
of “peaked” channel, “flat” channel, and 
35mm motion-picture grain structures 
respectively. In the top row (index 1) 


are single-frame grain structures ob- 
tained with small apertures 6, showing 
the raster line structure of the television 
samples A and B. The middle row (2) 
illustrates the condition for a larger aper- 
ture 6, for all 3 cases. This aperture was 
given a value to produce a “‘flat field” 
in the television frames and equal the 
spot size of the supercinephor lens for 
C2. Note the longer grain size in the 
vertical direction of A2 which is evidence 
of the flat-frequency spectrum across the 
from a_ peaked 


raster even **noise”’ 
source, which causes positive- and nega- 
tive-grain doublets in the horizontal co- 
ordinate due to the absence of low fre- 
differentiated 
shape shown in Fig. 93. 


quencies and_ the pulse 
The samples 
A3 and B3 show the effect of superimpos- 
ing the grain structures of six television 
frames by a photographic exposure of } 
sec. ‘The deviations were increased in 
magnitude to show more clearly that the 
grain doublets have practically dis- 
appeared in A3 due to random super- 


position. 


4. Discussion of Results 


Examination of the various signal-to- 
deviation characteristics shows clearly 
that the theoretical signal-to-noise ratios 
[R]m max (Table XVII) 
quate measure of camera-tube perform- 


Tables XXII 


is not an ade- 


ance. It is evident from 


? 


and XXIII that the electrical signal-to- 
noise ratios [R]3 max Which can be meas- 
ured in the video-transmission link, may 
also differ substantially from the theoret- 
ical value [R]m max, because for compa- 
rable definition the sine-wave response of 
the camera tube is reflected in the degree 
of aperture correction and alters the 
sine-wave amplitudes in the frequency 
spectrum of the deviations. 

Aperture correction increases the noise 
level by a factor which is larger for 
flat- 
channel noise, as illustrated by the value 
of the electrical factor m! in Table XXIV 


Ib and 3, 
The filtering action of succeeding aper- 


peaked-channel] noise than for 


for conditions for example. 
tures has an opposite effect, reducing 
the deviation level (1/[R],) and granu- 
larity of the retinal image by a larger 
factor for peaked-channel noise than for 
flat-channel noise. ‘These factors are 
given by the ratio of corresponding fac- 
tors a) which, according to Table XXII, 
is 0.665/0.4 1.66 in favor of peaked- 
channel noise without aperture correc- 
tion and at a viewing distance d = 4V 
from a_ standard 525-line television 
image.t When moderate aperture cor- 
rection is used the ratio decreases (see 
Table XXIII) und with high aperture 
correction it approaches unity (see 
Table XXIV) and may even reverse. /t 
therefore appears desirable to specify the en- 
tire signal-to-deviation characteristic in the 
retinal image for a given viewing distance. 
To judge the entire characteristic it is 
necessary to establish a reference charac- 
based on the perception of random 


deviations as a function of luminance. 


teristu 
Subjective observations as well as fun- 


t This value is considerably lower than the 
ratio given in the author’s earlier paper.* 
The earlier valves are in error because they 
are ratios of bandwidth factors (a@) rather 
than factors (a). 
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damental considerations®’ indicate that 
the visual perception of fine detail and 
granularity is limited at low luminance 
values by random fluctuations in the 
visual process and at medium and.high 
luminance values by the aperture re- 
sponse of the optical system of the eye 
(see, for example, Fig. 83). From an 
objective point of view, perception of 
from an_ external 


fluctuations source 


(image) in the low luminance 


total 


range 


occurs when the deviation from 


both external and internal sources ex- 
ceeds the internal deviations of the visual 
process by a barely perceptible amount 
which can be assumed related to a visual 
When the optical and 


sensation unit 


photoelectric characteristics of the eye 
are known, the ratio of the two deviations 
may be calculated as a function of lumi- 
outlined in this 


nance by the method 


paper. The evaluation of an analog sys- 
tem for the visual process based on data 
from subjective observations appears 
possible and of considerable value for an 
objective analysis. This will be discussed 
in Part IV. 

For the present it is sufficient to refer 
to such observations, which indicate 
that the signal-to-deviation ratio in an 
external or retinal image required to give 
threshold visibility, is nearly constant for 
luminance values (B) above 10 ft-L, and 
than 10 ft-L 


The luminance values of motion-picture 


decreases for values less 
and theater-television projections fall into 
this lower range. For use as a reference 
standard the exact vertical 


the threshold curve for the eye is not 


important, unless one is specifically inter- 
ested in threshold values.t Shape and 
approximate location of the reference 
10C6b 


characteristic are shown in Figs 


and 106c, for a highlight brightness B 


t It is noted that observations on the per- 
ception of fluctuations in television pictures 
made at luminance values above 10 ft-L 
are not likely to apply directly to the lower 
luminance values of theater television and 
motion pk tures 


Otto H. Schade: 


location of 


10 ft-L It is noted that the image- 


orthicon curves 1b and Ic have a fairly 
uniform vertical distance to the reference 
characteristic, which means that percep- 
tion of their grain structure is fairly uni- 
form, decreasing towards the ends of the 
The shape of the motion-picture 
(MP) 
grain will appear most per- 
ceptible at B/B ~ 0.4 but is invisible in 


the deep shadow tones. 


range 


characteristic indicates that its 


structure 


Referring now particularly to Fig 
106b which represents conditions at the 
close viewing distance of 2.5 times the 
vertical screen dimension, it can be seen 
that graininess in the systems represented 
by curves 5 and MP will be perceived 
in a differ- 


with similar intensities but 


ent part of the luminance range. Simi- 
larly, when comparing curves 1, and 
MP, and it that 
picture will appear more grainy in the 
half of the 


television picture which exhibits a nearly 


is evident the motion 


upper tone range than the 
uniform graininess over the entire range. 
At the more normal viewing distance of 
d 4V represented by Fig. 106c, the 
characteristic of the motion picture is 
positioned for the most part much farther 
below the threshold-reference character- 
istic than those of the television systems 
0, 5 and Ic, which now appear in general 
than the 


Considering furthermore 


less grainy motion picture 
that the 


tion-picture characteristic is representa- 


mo- 
tive of an ideally ‘“‘clean” film it can be 
concluded that the graininess of theater- 
television images, such as are represented 
by curves 0, 1¢ and 5 in particular, will 
compare favorably with that of 35mm 
motion pictures. 

The evaluation of deviations of elec- 
origin in television frames has 
that 
designed to have a performance sub- 


trical 


shown television systems may be 


stantially equal to a 35mm_ motion- 


picture system. Because of the similar 
and 


“live” 


frame rate, the storage factor s5 


signal-to-fluctuation ratios in 


television pictures are not materially 


different from those of motion pictures 
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A camera tube with adequate signal out- 
put and definition such as the experi- 
high-definition image orthicon 


106, and Table XXII 


is required for a theater-television system 


mental 


(curve le in Fig 


having a granularity comparable to that 
of a 35mm motion picture using plus X) 
negative and 


(1302) 


fine-grain positive film 
The theoretical value [R]m imax 
at the source for this type of camera tube 
corresponds to an electrical noise level 
of 38.8 db, or — 41.3 db including syn- 
chronizing signals [he noise level in 
the video-transmission 
sponding to IR]; 


system (corre- 
43.4) is —32.7 db. 

35.2 dl luding I izing sig- 
or £aQD including synchronizing sig 
nals To prevent impairment of this 
performance, the noise level of the trans- 
mission system itself should be approxi- 
mately 


6 db better, or both the trans- 


and the tube 


should have noise levels 3 db lower than 


mission system camera 
stated above. 


\ more accurate statement can be 
made when the amplitude distribution in 
the frequency spectrum of the additive 
known Statistical 


signal-to-deviation ratios by the 


noise 18 tests of 
sam- 
pling of television grain-structure photo- 
graphs on 4 X 5-in. film have been in 


good agreement with computed values 


The above method has also been applied 


to compute the noise levels reported by 
Pierre Mertz in two publications.*? In 
view of the estimates which had to be 
made for a number of unspecified system 
constants the calculated values appeared 
to be in satisfactory agreement with the 
reported values 


Many relations between apertures and 


their sine-wave response characteristics 
as well as characteristics of vision have 
only been indicated and will be discussed 
in more detail in Part IV of this paper. 
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Photographic Instrumentation 


of ‘Timing Systems 


By A. M. ERICKSON 


Time-action marking at film speeds from 2000 to 8000 frames/sec and some 
of the circuit requirements which must be met to obtain clear edge marks 


on motion-picture film are discussed. 


i einiiiscaie timing has become 
field of 
time is correlated with 


necessary in the instrumenta- 


tion. Primarily 
an action on motion-picture film. It 
that 


cannot be 


gives facts about action which 


otherwise obtained. For 
instance, timing on motion-picture film 
has been used to study velocity, acceler- 
ation, oscillation (pitch and yaw), 
vibration and position of projectiles in 
flight. ‘The same photographic system 


gather data about 


shock 
high-speed 


has been used to 


explosive trains, waves and a 


variety of other action 
phenomena 
Under dictate the 


conditions which 


use of high-speed cameras we _ have 
found that neon gas ionization is one of 
methods of film 


the most serviceable 


marking. It has been chosen in pref- 
erence to argon gas ionization, spark 
gaps and field-of-view devices for general 


use at the Naval Ordnance Laboratory 


Presented on October 9, 1952, at the 
Society’s Convention at Washington, D.C., 
by A. M. Erickson, Naval 
Laboratory, White Oak, Md. 
(This paper was re¢ eived April 30, 1953.) 


Ordnance 
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Journal of the SMPTE 


for the following reasons: (a) neon will 


mark 


(this is not so for argon gas); 


color film with good contrast 
(b) neon 
is not affected by atmospheric conditions 
as in the case of spark gaps, and is 
relatively simple from a voltage stand- 
point; (c) field-of-view timers consume 
valuable picture space and are subject 
to focus and lighting conditions which are 
not always the same as that of the subject. 

The Naval Ordnance Laboratory has 
fitted with 
timing 


standardize on the NE-51 bulb, a recent 


many of its cameras neon 


lights and has attempted to 


addition to the neon family 


To excite neon gas for clear edge 


marking it is necessary to produce a 


pulse of at least 90 v. A duration of not 
less than 8 usec and the power to main- 
voltage during ionization is also 
The ‘work 


system (shown in Figs. 1 


tain 


necessary horse”? timing 


and 2) more 


than meets these minimum require- 


ments It consists of three units, an 


oscillator, a pulse generator and a six- 
follower. 


( hannel cathode 


The oscillator is a battery-powered 


fork with good stability which delivers 
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Fig. 1. Pulse timing system and neon timing light mounted on upper sprocket 
clamp of an Eastman High-Speed Camera. 


about 25 v to a high-impedance load. 
Its output is used only to control the 
repetition rate of the pulse and is de- 
pendable under a_ variety of field 
conditions 

The a-c powered 


pulse generator, 


which is controlled by a. stable-fre- 
quency source, is independent of voltage 
and frequency variations of the powe! 
For operation of only one camera 


directly to 


line 
this generator is connected 
the camera marking light 
fo time up to six cameras a Ssix- 
channel cathode-follower amplifier sys- 
tem is This driven 


directly by the pulse generator develops 


used unit when 
marking pulses on six separate circuits 
Each light is given its own individual 
circuit mainly for It has 


been found that neon bulbs exhibit high 


Insurance 


firing potentials after considerable use, 
some measuring above 100 v, as com- 
pared with 75 v for new bulbs. If several 
used bulbs are placed across the same 
combined load limits 


circuit, and the 


peak-pulse voltage to 90 or 100 v, an 
old bulb may fire 


erratically 


fire, or it 
timing in- 


may not 
and give false 
more detrimental 
Many field tests 
are conducted specifically for the photo- 


The 


range 


formation which is 


than no timing at all. 


total cost of test 
operations from $100 to 
$40,000 a day with complete destruction 


graphic results. 
may 
of the ordnance material under test. 
In the face of such expensive operations 
it is unwise to design borderline features 
into instruments which add to _ this 
expense. 

Each cathode-follower output circuit 


is equipped with a current-meter switch 
and a 


posure current, a predetermined value 


variable-series resistance. Ex- 


of approximately 1 ma (average), is 
adjusted by varying the series resistance. 
This provides an indication of proper 
intensity regardless of line length, and 
proof that the exposure light is func- 
tioning. This facility of remote test 
and exposure adjustment is valuable in 
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both time and labor to the photographer 
when his cameras are spread over a long 
firing range or at the top of range 
towers 

In addition to marking, some 


requires 


time 
instrumentation **Start-action 


marks” on the film to indicate when 
an event takes place, such as the break- 
ing of a wire, the closing of a firing key, 
or the attainment of 


certain wate! 


pressuces. When action begins with the 
firing of a detonator by electrical means, 
it is better to tap the firing circuit for 


Any 


firing 


start information if it is possible. 


electrical connection made to 


circuits other than those necessary to 


fire the detonator are considered a 


safety hazard and precautions must be 


Erickson: 


The 


only 


taken to eliminate 


circuit 


prematures 
Fig. 3 will not 
provide a pulse of the proper impedance 


shown in 


and polarity but will fire the detonator 
and under certain circumstances provide 
bias to gate a timing circuit closed until 
start marking has taken place 

relay is used 


When a double-pole 


with a firing circuit over one set of 


contacts, and a pulse circuit over the 
will 


trying to close two sets of contacts at 


other, error always result when 


the same time. This error is usually of 


the order of a few milliseconds even 
though both sets of contacts are on the 
same relay, and cannot be depended 


The 


system 


upon for accurate or close timing 


Naval 


Ordnance Laboratory 
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Fig. 3. Diagram of start-marking system for marking motion-picture film 
at instant firing key is closed. 
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Fig. 4. Portable battery-powered pulse timer designed for field use, incorporating 
magnetic amplifier principles to shape the timing pulse. 


August 1953 Journal of the SMPTE Vol. 61 





uses one set of contacts to close both 


circuits. In stand-by condition two 


batteries are connected in_ parallel 
through the detonator and a large re- 
discharging 


sistance. A charging or 


current will flow between two identical 
batteries until both batteries are of the 
same terminal voltage. Even the most 


sensitive primers will stand 100 ya 


without damage to the squib wire 
A microammeter is available to test any 
lack of voltage balance prior to connect- 
ing the primers in the circuit. 


The 
to the grid of a voltage-amplifier stage 


Start-mark circuit is connected 
in the pulse generator as shown in Fig. 
2. It 


time governed by R and C of Fig. 3. 


delivers a pulse with a delay 
This results in a film which contains a 


Start mark injected into the regular 


A disadvantage from a 
that 
interpolation is necessary to determine 


timing pulses. 
data reduction point of view is 
the time interval between the start mark 
and the next timing mark. 

One of the main sources of trouble in 
field originates 
field When 


supplies are furnishing power to both 


instrumentation from 


power supplies. these 


high-speed cameras and timing equip- 
ment, a peak load caused by camera 


“start up’ momentarily disables the 


timing equipment and results in a loss 


of timing marks during the action 


period A completely battery-powered 


timer is useful under these conditions. 


Ihe timer must be stable and should 


develop enough power to meet the pre- 
‘| hese 


new 


viously mentioned requirements. 
features are incorporated into a 


design which uses magnetic-amplifier 
principles for wave shaping (see Fig. 4). 
The 


wave, 


circuit generates a stable sine 


power-amplifies this sine wave 
and converts the into a_ pulse. 
The oscillator is an RC-controlled feed- 


It has 


been constructed as a plug-in unit to 


wave 
back circuit with good stability. 


change frequency by changing — the 


oscillator. The second 


casas “A” 


entire stage 


operates as a amplifier and 


Erickson: 


develops power to drive the pulse-shaping 
circuit. 
the sine-wave current through a satur- 
As the 
saturation the 

and 


The shaping is done by passing 


able reactor. core is driven 


into reactor loses its 


inductance transfers its inductive 
resistance 
load 


condenser C-1_ to 


voltage drop to the series 
R-1. The 


resistance 


sudden decrease in 


causes 


“dump” its excessive charge through R-1 


still further increase in 


The net result is sharp pulses 


and causes a 
voltage. 
of about 50 v developed across a rela- 
These 


tively low pulses 


plus a d-c bias make up enough voltage 


impedance. 


The pulses 
#9 


to fire neon timing lights. 


appear across terminals #1 and 
The pulse and the bias may be obtained 
without additional components by con- 
necting the marking bulb across termi- 
nals #2 and #3. 
battery of the “B” 


aiding with the output pulse. 


This places the first 
supply in_ series 

Timing marks without an associated 
picture can also be useful under certain 
conditions. In the development of an 
arming vane for a missile, instrumenta- 
tion was needed to determine angular 
velocity and acceleration of the vane 
The problem 
kind of 
The 


recorder consists of a photographic film 


under flight conditions 


was solved by the simplest 


pulsing circuit (see Figs. 5 and 6). 
vane. As _ the 


rotaied by the arming 


film turns, a_ pulse-driven 


light marks the perimeter of a disk to 


exposure 


give time-motion characteristics at the 
rate of approximately one mark every 
25 msec. With a 100:1 step-down gear 
ratio, and an assumed vane speed of 
6000 rpm, the film disk was estimated 
than 1 Phis 


spaces the timing marks about 9° apart 


to make not more rps. 
when the vane is rotating at its maximum 
estimated speed. 

art 
placed on the outside of the missile, 
fitted 
One switch puts 


and “stop” switches are 


while all other components are 


in the booster cavity. 


the circuit into operation just’ before 


launching, and the other disables it 
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Fig. 5. Rocket arming-vane timer which mounts in a rocket case. The timer marks 
a rotating disk of film to record the velocity and acceleration of the arming vane 
during flight. Left to right: film-disk housing; circuit shelf; batteries. 





—f 
BA 


Step 
Switch 














et” 





Fig. 6. (Left) Schematic of the basic RC-pulsing circuit installed in the rocket booster 
cavity. Start and stop switches are mounted on the outside of the rocket case. 
(Right) Diagram of time-recorder test film; one space equal to 23.8 msec. 
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Fig. 7. Photograph of a permanent frequency record made by connecting a Brush 
Pen Rosarder across the battery terminals of Fig. 6. This record is made just prior to 
rocket launching. Paper speed, 5 in./sec; pulse rate, 42/sec. 
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Fig. 8. Diagram of a delay timer designed to trigger 


photographic spark stations in a ballistics range. 


during flight after the record has been 
taken. 
slow film speeds, it can have application 


Although the system is used at 


in high-speed work if the pulse rate is 
The 
pure pulse, in the sense that it has both 
fall, but its firing 
characteristics are such that the lamp 


increased. waveshape is not a 


a steep rise and 


receives a maximum current at the 


instant of ionization and decreases at 


the RC 


extinction 


until lamp- 


This 


exposure at the 


discharge rate 


voltage is reached. 
results in maximum 
leading edge with a fading trail behind 
it, and furnishes a sharp edge as a 
reference point on Cat h mark 

this 


dependent upon the characteristics of 


The frequency of generator is 
every component in the circuit and stray 
Fre- 
made by 


capacity of the circuit to ground. 


quency measurements were 


amplifying voltage-notches appearing 
directly 


Connection to any other point in the 


across the battery terminals 
circuit gave erroneous readings because 
wiring capacity of 
Amplified- 
voltage notches are recorded as shown 
7 on a Brush Pen Recorder just 


of added load or 


the measuring equipment. 


in Fig. 


prior to launching. ‘This provides a 


Erickson: 


permanent frequency record for data 
reduction. 

The completed unit was tested in the 
simulation laboratory at an acceleration 


This 


forces ex- 


of 25 gravitational units. more 


than exceeded acceleration 


perienced by the unit under launching 
change in 


conditions. No noticeable 


fundamental was measured 


after the “G” 


frequency 
test. 
‘Timing circuits are quite useful in 

ballistics-range work to trigger micro- 


second lights in photographie 


spark 


stations along a range. An antenna 
or pickup unit placed slightly ahead of 
each photographic station senses the 
passage of a projectile and fires a spark- 
light 


shadowgraph of the 


source down range to obtain a 
projec tile as it 
passes through the station. 

In order to do this an electronic delay 
timer is necessary to receive the sensing 
information, hold it for,a predeterraiined 
period of time, and then emit a signal 
to fire the spark light. A timer which 
will tasks is 
Fig. 8. part of the 


forms an 


perform these shown in 


The 


oscillator 


first circuit 


which reacts only 
“sensing” signal. 


and 


when it receives the 


It is a ‘“‘one-shot’’ multivibrator 
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has most of its application in radar as a 
The delay 
time is dependent upon values of RC- 


gating or pulsing circuit. 
coupling components which have been 


made variable in this circuit to cover 


the range of delays needed to match 
projectile velocity 

A missile traveling at 3000 fps takes 
about 2 ft 


and the 


660 psec to move between 


the sensing 


antenna 
plate. The 
immediately pulses the delay circuit to 


The 


vibrator, 610 ysec later, sends a pulse 


photo- 


graphic sensing antenna 


Start it timing one-shot multi- 
to the trigger tube which has a normal 
delay psec, To- 
make up a re- 
quired total of 660 psec 


of approximately 50 
gether the two delays 
and fires the 
main spark light just as the projectile 
is in position for exposure. ‘The trigger 
tube in a stand-by condition is drawing 
holds the 


auxiliary spark-gap voltage to a mini- 


its maximum current and 


mum. Application of the pulse causes 
full- 
auxiliary 
gap and fire the main discharge gap. 


the tube to cut off and allows 


supply voltage to reach the 

This high-voltage type of circuit can 
easily be adapted to function as a start- 
marking system in high-speed motion- 
used by 
placing the spark gap in a camera as an 
auxiliary to the 


pl ture Cameras, It can be 
timing light, 
be connected to 


regular 


or it can the camera 
frame on one side and the spark allowed 
to jump to one of the leads of a neon- 
bulb marking light. This method of 
start marking does not load the regular 
and can 


delay marking 


action for convenience in data reduction 


timing circuit 


other 
records taken of the same action. 


or for correlation with camera 
Also 
it can be used as the regular timing 
both timing marks 


If a fixed bias instead 


system to furnish 
and start marks. 

of a pulse is applied to the circuit at the 
instant of starting, the film will receive 
a series of marks spaced in time accord- 
time of the circuits. 
Data reduction still depends upon a 


ing to the delay 
measurement ahead of the first timing 
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mark to find the start mark because the 
delay timer receives the start information 
but does not give it out for one cycle. 


Discussion 


Robert D. Shoberg (White Sands Proving 
Gd.): I assume you had trouble firing the 
NE-51 lamp in total darkness. How did 
you overcome that? 

Mr. Erickson: There was no trouble at all 
as long as we exceeded the firing potential 
The regular firing potential of a new bulb is 
around 75 v. In darkness I don’t know 
what it is. We usually apply about 125 v 
across a circuit impedance of not more than 
1000 ohm. 

Ur. Shoberg: 
lot of trouble. 


equipment we 


We tried that, and had a 
Finally we discarded the 
were using and put in the 
Fastax timing system, using an NE-51 
lamp 

Mr. Frickson: We have had absolutely no 
trouble in firing as long as we get above 
125 v. An old bulb, remember, will have 
an increase in firing potential. 

Mr. Shoberg: We aged the lamps 

Mr. Erickson: How much power did you 
use? What kind of circuit did you use to 
drive it? 

Mr. Shobere We have a 


very elaborate timing system there, but we 


Up to 125 v. 


ran into the same problems you did. We 
checked before we ran and everything was 
going We opened the door of the 


camera and the lamp was not glowing 


fine. 


We closed the door and made the test 
and the film came out blank. The lamp 


would not start in total darkness at the 
same voltage it would in the dark. 
Mr. Erickson: We have had no trouble 
Mr. Shoberg: You solved the problem by 
increasing the voltage on the lamp? 


Mr. Erickson: Yes 


every time. 


That takes care of it 


Mr. Shoberg: It was not practical for us to 
increase the voltage to that extent so we 
substituted the NE-66 lamp for the NE-51 
lamp. ‘This eliminated our trouble as the 
NE-66 fires at considerable lower voltage 


than the NE-51. 
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( Aherdeen 


We ran into the same thing 


Gd. ) 


We are using 


Gerald Doughty Proving 
about 65 v d-c bias, with a pulse about 22- 
usec duration and 120-v amplitude above 
bias The bias serves to keep the bulbs 
ionized without producing enough light to 
affect the film traveling at low speeds. 
Failures of time records practically dis- 
appeared. Line-voltage drop due to heavy 
current loads from camera runs affects this 
system less than any other we have tried. 
Bulb life is about 10-min operating time, or 
approximately 200 Fastax runs 

Mr. Erickson 
height? 

Ur. Doughty 


trouble from film fogging. 


Regardless of the pulse 


We have no 
The bulbs do 
get old, and sometimes too old before we 
them. But 
pretty well 

Mr. Erickson: 
had a bulb fail because of its old age. 

Major P (French 


Armaments): Would it be possible to make 


[hat is right. 


change generally they work 


I don’t think we have ever 


Vaslin Laboratory of 


your vibrator-timer insensitive to a very 
intensive discharge, say 200 wsec within one 
psec, which involves very high terms in the 
order of several thousands. 


Mr. Enickson: 1 


mean by 


don’t know what you 
making it insensitive. Do you 
mean in the proximity? 

Major Naslin: From being triggered 

Mr. Erickson: The idea is to have the 
timer not trigger when this high current is 
flowing? 

Mayor Naslin: Nearby 

Mr. Erickson: Uf it reaches the circuit, it is 
bound to make the multi-vibrator operate 
If you make the input impedance of that 


circuit low enough, regardless of what this 


Table I. 


other thing is doing, it won’t affect the 
vibrator, because it responds only to the 
If this bias 


is raised high enough, the circuit will go 


bias or signal on the first stage 


into oscillation. 
Major Naslin 
Mr. Enickson: 
were 
Naval 
range, the circuit that I showed you (Fig. 8) 


Have you done it? 
Yes, I When we 
designing this equipment for the 


have. 


Ordnance Laboratory — pressured 


was considered in the final photographic 


station. This photographic station setup 


required the projectile to be charged by a 


20,000-v source, and there was a lot of high 
trigger circuit 
We had a common feed source for the high 


voltage around near the 


voltage which goes down the range to 
charge each of the spark-light condense 
units also located near the trigger circuit 
The discharge of the first spark light. 
which is a sudden drain and a very high 
current flow, can affect the sensing antenna 
on the following station and make it start 
timing before it is supposed to. We over- 
came that by merely decreasing the imped- 
affected. Of 


course, proper shielding and grounding are 


ance of the circuit being 


necessary. 
Follow-up of the Discussion 


(Submitted by the author, April 30, 1953): 
In answer to questions about firing poten- 
tials the author has conducted a series of 
tests on 10 NE-51 neon bulbs picked at 
random. ‘They were placed in a lighted 
room and individually connected to a d-« 
voltage with a time constant of 10 sec, that 
is, 10 sec were required to raise the voltage 
from 0 to 150 v._ Firing potentials for the 


bulbs ranged from 70 to 76.5 (see Table I). 


Firing-Potential Data Taken on 10 New NE-51 Neon Bulbs ( Firing-Potential 


in Volts). 


Bulb No. 


Daylight 5 

3mindark 78 

24 hr dark 80 

3 month 99 
dark 


2d try 
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3 min of darkness the same bulbs ex- 


After 


hibited ignition potentials between 78.5 


After 


bulbs failed to fire with up to 150 v. on the 


and 93.5 v. 24 hr of darkness two 


The remaining eight bulbs fired 


125.5 v 


first try 
between 78.5 and The two that 
did not fire broke down at 74.0 v and 109.5 
v on the second try. After 3 months of 
darkness the firing potentials ranged from 
72 v to 125 v with no failures. Firing all 
bulbs the second time decreased the range 
from 72.5 to 86 vy 

from 


light 


conclusions can be drawn 


NE-51 


sensitive; (2) firing potentials are generally 


Some 


these tests: (1) bulbs are 


higher in the dark than they are in the 
light; (3) successive application of voltage 
causes a random decrease in firing poten- 
tial with a lower limit being the daylight- 
firing voltage of that specific bulb; and (4) 
for start-marking action a pulse in excess of 
150 v must be applied for reliable results. 
Contrary to popular belief, a pulse gener- 
ator designed to drive neon timing lights 
must have the characteristics of a power 
circuit, not just voltage amplification. A 
changing load 
When fired it 


resistance and the 


timing light represents a 
according to its conditions 
represents a very law 
driving circuit must be designed to deliver 
ample current through this low resistance 
and still maintain pulse voltage in excess of 


bulb-firing voltage 
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Therefore the generator output should be 
of the cathode-follower type, rather than a 
plate-loaded circuit. Power tubes such as 
the 6L6, 6V6, 6Y6 and 6AS7 with proper 
circuit connections will solve most timing- 


light problems. 


Discussion of NE-51 Lamp 

( Prepared by H. M Ferree, General Electric 
Co., Nela Park, Cleveland, May 7, 1953): It 
has long been known that glow lamps such 
NE-51 do “dark 


When the lamp must be enclosed 


as the have a definite 
effect.” 
in a light-tight enclosure such as a camera, 
the starting voltage of the lamp may be 
increased as much as 20 to 50 v, d-c. 

[he test data presented by Mr. Erickson 
agree reasonably well with our experience, 
and the solution he offers, namely increas- 
ing the applied potential well beyond the 
normal starting voltage, has in most cases 
proven to be the simplest and most satis- 
factory. 

Also, the time required for ionization is 
reduced as the voltage in excess of normal 
starting is increased. In some applica- 
tions this may be a determining factor. 


As Mr 


voltage of a glow lamp increases with age. 


Erickson points out, the starting 


Iherefore, where there are no other limiting 
conditions on the applied voltage, voltages 
in excess of the 150 he mentions might be 


used to extend the usefulness of the lamp. 
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The M-45 Tracking Camera Mount 


By MYRON A. BONDELID 


A new, versatile tracking camera mount is described. This instrument was de- 


veloped to solve certain problems in ballistic data-gathering activities. 


Per- 


formance and operational characteristics of the mount, camera types and uses, 
lenses, communication, orientation, timing and power requirements are also dis- 
cussed. The tracking camera mount is a completely independent unit, supply- 
ing its own power, and capable of negotiating heavy sand. 


A: rHE U.S. Naval Ordnance ‘Test 


Station, Inyokern, China Lake, Calif., a 
new, versatile tracking camera mount has 
been developed to solve certain problems 
known as “‘attitude”’ in ballistic data- 
gathering activities and to provide an 
to track fast-moving ob- 


easy method 


jects, 

Vesting of rockets and guided missiles 
must be done under dynamic conditions 
in which the component is allowed to 
function under normal environmental 
Presented by abstract only on October 10, 
1952, at the Society’s Convention at Wash- 
ington, D. C., and in full on May 1, 1953, 
at the Society’s Convention at Los Angeles 
by Myron A. Bondelid, U. S. Naval Ord- 
nance Test Station, Inyokern, China Lake, 
Calif 


(‘This paper was received on April 3, 1953 

This paper ts published for information pur 
represent the official 
Naval Ordnance 


umes no respon- 


poses only It does not 
views or final judgment of the 

Test Station, and the Station ass 
taken on the 
Tracking Camera Mount ha 


sibility for action basis of its con 
tents The M-45 
not yet been fully deve loped and several changes 
menuoned in this report might occur differently 
in the final form It is being dev 


Task Assignment No. TP 872-H 


elope qd under 
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The recording of the neces- 
difficult task 
direct 


conditions. 


sary test data becomes a 


under these conditions since no 
mechanical contact with the test object 
is possible when it is in free flight 

Bell & Howell Eyemos and Superspeed 
Cameras comprised the bulk of the early 
photographic recording test equipment, 
but it was realized early that the exacting 
demands required of the data recorded 
left much to be desired As this was a 
special need, litthke equipment could be 
utilized as manufactured, and physicists, 
engineers and photographers pooled 
their knowle dge and experience to adapt 
or devise instruments that could better 
meet the rigid requirements of deter 
mining trajectory, velocity, acceleration, 
attitude and other data necessary to 
evaluate scientifically the performance of 
rockets and missiles under test 
and acceleration 


Askania 


Ribbon-Frame 


Trajectory, velocity 


are determined by the Cine- 


theodolites and Bowen 


Cameras Attitude is often determined 
from the Askania, but because of image 
size, quality and frame rate this is usually 
attitude, which 


insufhicient Lherefore 
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Fig. 1. 


The M-45 Tracking Camera Mount powered by a 20-kw 3-phase 208-v a-c 


diesel generator located on the prime mover (Official Photograph, U.S. Navy 


roll, 


booster separation, off-range deflection, 


includes pitch, yaw and missile- 


launching, time of flight and detailed 


motion are usually determined from 


Mitchell, 


Callicras, 


Fastax, or other high-speed 

A basic approach to the problem of 
measuring attitude is to take photographs 
of the missile from at least two positions 
with motion-picture cameras equipped 
with long focal-length lenses so that the 
pictures will be large and easily meas- 
ured, ‘The apparent angle of the missile 


with respect’ to each camera reference 


system is measured and these data are 


then mathematically converted to atti- 
tude angles with respect to the range co- 
ordinate system. 

Attitude measurements determine the 
orientation of the missile at a predeter- 
mined sampling rate The orientation 
measures are Classified according to their 
relationship to the line-of-flight axis of 
the missile. Roll or spin describes rota- 
tion about this axis, while pitch and yaw 
describe the vertical and horizontal com- 
ponents of transverse oscillations of the 
missile about its center of gravity. 

In the design and subsequent rede- 
necessary to 


sign of a test missile it is 
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know the aeroballistic characteristics of 
the missile; attitude in flight is the chief 
of these characteristics and is an impor- 
tant piece of information on the flight 
of a missile 

In the past the Mitchell Chronographs 
were mounted on heavy-duty tripods and 
hand tracked with the aid of an auxiliary 
optical system. Lenses of 17- to 20-in. 
focal lengths were used with these cam- 
eras. As emphasis on attitude measure- 
ments increased, and the desire for more 
focal- 


How- 


ever, the longer lenses required more ac- 


accurate data developed, Jonget 


length lenses became a necessity. 


curate tracking, and soon it was realized 
that a mechanical means was needed to 
track fast-moving objects. 

As a result of tests conducted at NOTS, 
M-45 
chine-gun mount was acquired and used 
After 


(such as 


an Army model 50-caliber ma- 


as the tracking mechanism 
some alterations and additions 
removing the machine guns and install- 


M-45 


popularly 


lenses) the 
lracking Mount, 
known as the “Gooney Bird,’ emerged. 

Early Bird” 


were mounted on an M-20 trailer. Power 


ing cameras and 


Camera 


versions of the “‘Gooney 


was received from batteries on the mount 
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Cameraman operating M-45 Tracking Camera Mount 


(Official Photograph, U.S. Navy 


and separate generators powered the 
Calneras, 

The latest version of the M-45 is shock- 
and spring-mounted on an M-1 ‘Tandem 
Prailer with stabilizing jacks and leveling 
+8-in. 


length is mounted on one side of the 
g 


provisions \ refractor of focal 
operator and a half-scale version of this 
same lens is mounted on the other side. 
Pictures for attitude purposes are re- 
35mm Mitchell 
A 16mm Mitch- 


may be used for 


corded by means of a 
Chronograph Camera. 
ell Pictorial 


doc umentary movies or a Fastax Calnera 


Camera 


Bondelid: 


Rac h 


gird” is powered by its own 


for super slow-motion studies 
“Csooney 
generator system, which is mounted on a 
2}-ton 6X6 wuck used as the prime 
mover for the M-45, and is thus a com- 
plete, independent unit capable of nego- 
tiating heavy sand encountered in the 


Mojave Desert (Fig. 1) 
Performance and Operational 
Characteristics 


The elimination of footwork around a 


tripod and the ease and speed of control 


of the M-45 have resulted in an appreci- 
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able gain in missile-tracking rate. Per- 
formance of the M-45 is very satisfactory 


n field use 
it is difficult to maintain optimum per- 


when it is in good condition, 


formance over sufficiently long periods. 
Iracking rates of 60 deg/sec are attain- 
able in order to have a margin of safety 
beyond the experienced maximum rates 
In track- 
ing it is important that the tracking rate 


of approximately 40 deg/sec. 


be similar to the speed of the missile to 
prevent blurred images which are dif- 
ficult to measure. Acceleration charac- 


teristics are generally satisfactory, al- 
though some decrease in acceleration in 
elevation has been observed after some 
use. It is easier to track a fast-moving 
object in elevation only, without the azi- 
muth component. 

Chatter in elevation causing double 
images and the loss of tracking perform- 
ance, both due to the old large-diameter 
ball bearings, have been eliminated by 
installing new roller trunnion 


The 


bearing is satisfactory and capable of 


tapered 


bearings present azimuth roller 
smooth operation when clean, but it is 
poorly sealed and maintenance requires 
the disassembly of the mount. 


The 


the rotatable supporting elements of the 


turret structure contains all of 


mount. ‘The trunnions which carry the 
lens, camera and binoculars are mounted 
—10” to 


The turn- 


to elevate through an arc of 
+ 90 the horizontal. 


which the 


from 
table, 
mounted, 


trunnions are 
The 


operator’s seat, which does not move in 


upon 
rotates through 360 
elevation, is centralized in the mount 
structure and is tilted backwards about 
45° to permit coverage of the full eleva- 
tion range. ‘The seat is adjustable so that 
the operator may regulate his position in 
order to follow the sight with minimum 
head movement (Fig. 2). 
The 


operation are controlled from a pair of 


mount movement and Camera 


control handles through a mechanical 
linkage mounted on a column which is 
straddled by the operator and within easy 
reach of his hands. The control handles 
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may be moved in a vertical or horizontal 
The de- 


gree of movement and position of the 


arc or in a combination of both. 


handles control the speed and direction 
of the Off-On 
mounted on side of the 
handles, actuate relays in the junction 


mount. switches, one 


each contro! 


boxes which carry power to the cameras. 


Camera Types and Uses 


Instrumentation used on the M-45 is 
shown in Fig. 3. The 35mm high-speed 
Mitchell Chronograph Camera (Type 
B), which utilizes the 48-in. lens, is used 
to obtain the bulk of the required atti- 
tude data. ‘This 
the advantages of timing, large image, 


instrument combines 
high speed and high tracking rate on the 
M-45. 

The Mitchell Chronograph was de- 
signed with the cooperation of the U.S. 
Navy to meet special photographic re- 
quirements of the service. It is an inter- 
mittent-type, 35mm motion-picture cam- 
era. In order to insure the accuracy and 
precision required, the mechanism ts 
manufactured to extremely close toler- 
ances, The term “high-speed”’ is derived 
from the fact that the camera will operate 
at any speed up to 128 frames, sec using a 
110-v a-c/d-c electri A 12-v d-« 
motor is available for lower speeds. 

A chronograph head with a 1/100-se« 
watch directly to the 
specially 


motor. 


stop attaches 


designed camera base and 
photographs the image of the chronom- 
eter onto a corner of the frame on the 
emulsion side of the film utilizing the 
camera shutter. 

The 16mm Mitchell Pictorial Camera, 
which utilizes the 24-in. lens, is used for 
This cam- 


Mitchell 


that it is not 


documentary purposes only. 
similar to the 
Chronograph 

with 


era 1s 35mm 
except 
equipped provisions for timing, 
and uses 16mm film. 

The 16mm Eastman High-Speed and 
8mm or 16mm Wollensak Fastax cameras 
(24-in. lens) are used to study detailed 
motion, separation of booster from the 


missile, time to action, and launching of 
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Fig. 3. 


Instrumentation used on M-45. 


Left to right, top row: Berkeley Time 


Interval Meter, 35mm Mitchell Chronograph with 48-in. lens in front, 16mm Mitchell 
Pictorial with 24-in. lens in front, 16mm Bell & Howell, 16mm Eastman High-Speed; 


bottom row: 
Photograph, U.S. Navy). 
missile. “These cameras are designed for 
high-speed photographic work with ex- 
posures ranging from 500 frames sec to 
3000 frames /sec in the EHS and up to 
14,000 frames, sec in the 8mm Fastax. 
Both of these cameras are of the con- 
tinuous-film-drive 


type. A rotating 


optical flat is used to displace the image 


by an amount equal to the film move- 
ment during exposure. ‘This system al- 
lows sufficient exposure, with reasonable 
definition, despite the fact that in some 
cases the film may be running through 
the camera at 200 fps. The effective 
operating time of these cameras ranges 
from approximately 0.75 sec to about 9 
sec, depending on the frame speed. 

liming is provided by means of timing 
lamps built into these cameras receiving 
their pulses from a broadcast 1000-cycle 
pulse. 


The Bell and Howell 70 TA 


Camera (Northrup modification) is used 


16mm 
in place of the EHS and Fastax to study 
detailed motion, separation of booster 


from missile, and launching of missile 


Bondelid: 


photoelectric Cell, 16mm Fastax, 8mm Fastax, 35mm Fastax (Official 


Normal operating speed is 200 frames /- 
sec which is sufficient for most high-speed 
work and eliminates problems connected 
with prism-type cameras This camera 
gives higher resolution due to an inter- 
mittent-type motion, and a longer re- 
cording time due to a slower frame speed, 

A photoelectric cell has been used in 
conjunction with the 24-in. lens to time 
an event from launching to burst 

Ansco color film is widely used on all 
attitude cameras to aid in distinguishing 
the image on film. The high-speed 
cameras have given acceptable results up 
to 500 frames ‘sec. Missiles have been 


painted with highly reflective and 


fluorescent colors to increase their con- 
trast against the blue sky. ‘The most suc- 
cessful colors have been Fire Orange, 
which also aids immeasurably in visual 


tracking, and Saturn Yellow 


Lenses 


The increased emphasis on attitude 
measurements pointed up the need for 


better lenses for the M-45 


Tracking 
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At first a 40-in. Bausch 


& Lomb Telestigmat / 


Camera Mounts. 
8 lens was tried. 
Because it was meant to cover a large 
film rather than the 35mm frame size 
the resolution was poor and hence not 
suitable for our use. Very long focal- 
length lenses have been used with some 
measure of success, but much of the more 
recent developmental work on attitude 
Cameras has com entrated on lenses ot 
more conservative focal lengths with ex- 


ceptional image quality 


I'wo such lenses are now in use on all 
the 48-inch 
{/8 Thompson refractor lens, especially 


M-45 ‘Tracking Cameras: 


designed to cover the 35mm frame, and a 
half-scale version of this same lens, de- 
The 
Kenneth B 
Thompson Optical 


signed to cover the 16mm frame 


lenses were designed by 


Thompson of the 
, and manu- 
factured by Aaron J. Otto of Pasadena. 


Laboratory, Pasadena, Calif 


Thompson utilized air-spacing in the 
elements of the doublet as another de- 
gree of freedom for greater correction. 
This also does away with objectionable 
cemented surfaces which must be recon- 


The 


guard against the entry of dust and is 


ditioned often. lens is scaled to 
mounted in a cell which can be easily 
secured to the lens tube by four screws. 


The 


Borosilicate Crown-: 


front element glass is made of 


? with an 
51700, the rear surface 
Flint-4, n,, 1.64900. 
length is 48 
().25 in., the back focus is 0.989 times the 


refraction n, l 
glass of Dense 


The effective focal in. + 
focal length, and the diameter is 6.000 
in., making the stop constant at //8. 

The elements are made from. striae- 
free glass and the polished surfaces are 
Under the 


coated for anti-reflection 


Foucault (autocollimated) —knife-edge 
test, the lens shows uniform shadew with 


The 


longitudinal chro- 


no evidence of axial astigmatism 
lens is corrected for 


matic aberration for infinity focus. 
There is no turned-down edge figure and 
the test glass patterns were symmetrical 


Kenneth  B. 


Thompson wrote that the design had 


to one-quarter fringe. 
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exceeded his fondest expectations and 
compared the lens with the Rayleigh- 
Conrady tolerances as follows: 


Residual 
d fhe T- 


rations 


Rayleigh- 
Conrady 


Aberrations Tolerances 


Marginal 
Spherical 
(4X/sin?a’) 

Zonal Spherical 
(6X/sin?a’) 

Saggital Coma 


0 00164 in 
0.0011 in. 


(r/2 sin a’) 0.00018 in. 0.00009 in. 


(A is 0.000022 in. and sin a@’ is }- f/no.) 


Performance tests made on the 24-in. 
lens show by visual observation that it is 
capable of resolving about 200 lines/mm 
on the optical axis and 100 lines/mm at 
the extreme edge of the field of a 16mm 
frame. ‘The superb performance of the 
48-in. lens has been aptly demonstrated 
by the resolving on film of tree branches 
at a distance of 15 miles. 

The lens, as has been stated above, is 
mounted in a cell which can be easily 
secured to the lens tube by four screws. 
The lens tube has a metal shield protect- 
ing it from the sun, and after the lens is 
in place a lens shield 1} ft long further 
protects the lens. ‘The camera, rather 
than the lens, is focused by means of a 
smooth-riding platform suspended by 
ball bushings and actuated by a rack 
and pinion. ‘This method of focusing, 
developed at NOTS, permits optimum 


focus of the lens with comparative ease. 


Orientation 


The accuracy of pitch, yaw and roll 
measurements depends to a large extent 
on the levelness of the M-45. At low 
elevation angles the effect of a level error 
may introduce an error in yaw measure- 
ments of twenty times the level error it- 
self. 


before or after an event it is possible in 


By orienting the M-45 immediately 


assessing the data to adjust the error. 
At several permanent stations where 
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the M-45’s 


red-and-white striped 


generally are located are 


three telephone 
poles placed 90 radius of 


At the top and bottom of 


apart ata 
about | mile. 
each pole targets are located very ac- 
curately to indicate perpendicularity. 
The operator takes short bursts of film 
on each pole. 

To determine the out-of-levelness of 
the M-45 the film is assessed by plac ing 
cross-hairs on the targets and along the 
edge of the film and the angle deter- 
mined, The correction to be applied to 
the assessed data can be computed from 


these measurements. 
Timing 
Mitchell 


Chronograph is accomplished by photo- 


Timing for the 35mm 
graphing the projected image of a 1/100- 
sec 3-sec sweep stop watch or a 1/100-sec 
single-sec sweep electric clock onto a cor- 
ner of the frame on the emulsion side of 
the film 
Zero time of missile firing is indicated by 
a flashbulb at the launcher. ‘The 16mm 
Mitchell Pictorial has no provision for 
future the 


utilizing the camera shutter. 


timing. In the 35mm 
Mitchell will record time by means of a 
binary counter in place of the stop watch 
or electric clock. 

The Fastax and Eastman high-speed 
timing by means of 


The APR-13 trans- 
‘tail 


cameras record 
broadcasted pulses. 
mitter, a modified version of a 
warning type of radar,” is used for put- 
ting the timing marks on the edge of the 
rapidly moving film. ‘The frequency of 
the transmitter is 400 mc. As now used 
it is a pulse-modulated transmitter using 
1000-cvcle 200-cvcle 


and synchronized 


pulses. At the receiver, which is a modi- 
fied APS-13 receiver, the pulses light 
bulbs The 


ceiver is a folded dipole 


neon antenna for the re- 

Zero time of missile firing is indicated 
on the edge of the film by the start of the 
1000-cycle pulses, the 200-cycle pulses 


being on continuously. Also, the 200- 


cycle pulse is of longer duration, thus 


making a larger mark on the film edge. 
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of the transmitter is 


proximately 5 miles and at the present 


The range ap- 
time is being increased to about 10 miles 
with a new NOTS design of transmitter 

In the case where the M-45 is too far 
from the broadcasted pulses, a 1000- 
(NOTS. de- 
Zero 


time from the pulse generator is indicated 


cycle ‘“‘pulse generator” 


signed and constructed) is used. 


by the start of the 4-cycle pulse used by 
Askanias 
Phe 1000-cycle pulses from this generator 
with the 


and other instrumentation. 


are not synchronous broad- 
casted 1000-cycle pulses at Fire Control. 

In the 
NE51 
amplitude to the neon is approximately 
180 v. the circuit 


Fastax and EHS cameras asi 


neon bulb is used. The pulse 
No resistor is used in 
due to the high brillance of the neon 
necessary to show on the high-speed film. 
A special holder designed at NOTS is 
used to place the neon bulb in close 
proximity to the film. 

At the present time no provision has 
been made for timing on the Bell & 
Howell 70 TA Camera. 

In the case where a missile detonates in 
the air or around a target, a photoelec tric 
cell 


tensity on an oscillographic record which 


will record the change in light in- 


missile was 


1000-cycle 


was started when the 


launched and recorded the 
pulses, thus timing an event quite accu- 


rately 


Communications 


Phe communication equipment for the 
M-45’s consists of two identical sets of the 
Navy 


ceiver. 


[ype TCS-12 transmitter and re- 
One set is located on the M-45 
and from the batteries 


itself operates 


12-v d-c dynamotor 


This 


listen to a count-down over earphones or 


through a power 


supply. enables the operator to 
small speaker located close to his ear and 


to report coverage while seated in the 


mount, ‘The other set, located within the 
trailer, is equipped with a large speaker 
PCS-AC 110-, 


It is a stand-by radio to 


and operates from a 


power supply. 
used to carry 


conserve batteries and is 
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necessary traffic such as warnings and 


progress ol preparation previous to an 
actual event 

This equipment is used on 
MHF in 


munications between the master control 


and M-4 ) opera- 


primar ily 


general ground range com- 


station, mobile units 
tors. 


\ VHI 


power supply ig also used for the monitor- 


BC) 639 receiver with an a-c 


ing of aircraft frequencies when aircraft 


tests are being conduc t¢ d 


Power Requirements 


General 


Lhe ! ton 


International ‘Truck is used as the prime 


Purpose 6 x 6 
mover for the M-45 
Mount. \ 20-kw, 


diesel generator is mounted on the rear 


Tracking Camera 
)- phase, OR-V, at 
of the truck and supplies the power for 
the mount cameras and communications. 
Each “Gooney Bird” is thus a complete, 
independent unit capable of negotiating 
heavy sand and able to move into any 
position desired 

drive on the 


The power mount con- 


sists of a Maxson variable-speed drive 


with a 12-v d-c electric motor On 
several mounts, two 6-v batteries furnish 
the power to drive the turret structure 
and to powe! the communications on the 
recti- 


mount. On one mount a 12-v d-« 


fier system has been added in place of the 


August 1953 


batteries and operates from the genera- 
tor \lready placed into production are 
plans for operating the mount by a 3- 
phase, 208-v a-c motor and providing 
all M-45’s with a slip-ring assembly to 
operate all equipment on the turret 
structure. 

The power requirements for the M-45 
hence include 3-phase, 208-v a-c for the 
mount to permit tracking in azimuth and 


Mitchells, 


EHS, communications and timing, and 


elevation, 110-v a-c for the 


250-v d-c for the Fastax. 


Conclusion 


Attitude has taken an important role 
in the evaluation of the flight of a missile 
ever since the first caveman fashioned 
his spear and hurled it at his enemy. 
Scientists need an accurate method to 
determine the aeroballistic characteristics 
of a missile to develop it to the highest 
possible standards of perfection. The 
M-45 Tracking Camera Mount, though 
only an interim measure, has proven its 
worth in obtaining data that would have 
been impossible using hand tracking 
methods and inadequate lenses. 

Though improvements are continually 
being made on the ‘‘Gooney Bird,’ it is 
not to be construed that it is the best or 
final solution to the problems encoun- 
tered in the science of rocket photogra- 


phy. 
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Fundamental Problemsof Subscription Televisi m: 


the Logical Organization of the Telemeter System 


By LOUIS N. RIDENOUR 


and GEORGE W 


BROWN 


The general problem of encoding a picture for transmission and decoding it 


at the receiver is considered, with special reference to the privacy problem of 


subscription, or pay-as-you-see television. 
the price of the program and acknowledging its payment are described. 


Alternative ways of indicating 
The 


factors which have led to the choice of system elements made in the Telemeter 


system become clear on the basis of this general discussion. 


. 
kK Yupsc RIPTION television is the name 


that has been given to a system for broad- 
casing television programs in such a way 
that a person desiring to view the pro- 
gram being transmitted must pay for the 
privilege, precisely as he would pay 
admission to a theater, stadium or other 
place of entertainment where such a pro- 
gram might be offered his is not the 
place to debate the wisdom or desira- 
bility of subscription television, although 
it may be worth noting that the entertain- 
difficult 


financial problem posed by the broad 


ment world is faced with a 


public acceptance of television enter- 


tainment. Advertising sponsors of tele- 


vision programs Cannot pay the pro- 


ducer of entertainment a sum consistent 
been accustomed to 


with what he has 


obtain by offering his entertainment in 


Presented on April 28, 1953, at the Society’s 
Louis N 


and George 


Convention at Los Angeles, by 
Ridenour (who read the paper 
W. Brown, International Telemeter Corp., 
2000 Stoner Ave., Los Angeles 25, Calif 


(This paper was received April x0, 1953 
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an admission 
lotal 


programs amount to 


return for the payment ol 


fee by each individual patron 


costs of television 


sums less than five cents per viewer of the 


program; yet the total budgets repre- 


sented by this modest cost per head are 


growing so large that most advertising 


sponsors are meeting them only with 


some difficulty 
A scheme which enables each viewer 


of a television program to pay a rela- 


tively modest ‘‘admission’’ fee would 


make possible much higher budgets for 
such special programs, with a consequent 
improvement in the quality of program 
material It is largely for this reason 
that the proponents of subse ription tele- 
SVsStemms are to develop 


Vision striving 


effective schemes for making “pay-as- 


television practicable 


yvou-sec 


The Problem of Secrecy 


Perhaps the most fundamental prob- 
lem in subscription television is that of 
providing suitable means for rendering a 
broadcast television program private The 
terms of the last 


very contradiction in 
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ENCODER 
AND 


BRIGHTNESS INFO 


SYNC SIGNALS 


RECEIVER |} 





TRANSMITTER 





KEY SIGNALS 











¥ 
' 

' 

' 

' 


IMPLICIT IN 


KNOWN STANDARD CONVENTIONS 


DEFINING CODE 


Fig. 1. Conventional television. 


phrase illustrates the difficulty of doing 
this. 
notice that the 


lo begin with, we 


transmission of any intelligence, includ- 
ing the visual and aural signals involved 
in television, requires a coding of that 
intelligence into a form that is suitable 
for transmission (Fig. 1). The receiving 


4 


apparatus then decodes the received 


signal and reconstructs from it the in- 
telligence which encoded at the 


Was 
transmitter. In the case of television, 


the coding scheme which has been 
adopted in this country is only one of a 
large number of possible coding schemes, 
any one of which might reasonably have 
been standardized 


of South 


Indeed, in Europe 


and parts America different 
coding schemes have in fact been chosen 
The successful reproduction of broad- 
cast television programs depends upon 
the standardization, in transmitters and 
in receivers, of agreed coding conventions 
that will be 


Some of the conventions which are in 


adhered to. 


current use are as follows 
(1) Elements of the scene to be trans- 
scanned in two interlaced 


mitted are 


fields per frame of 525 lines; 30 frames 
are scanned per second. 

(2) The brightness of a picture ele- 
ment is represented in analog fashion by 
the amplitude of a quasi-single-sideband 
carrier on a scale from 0 to 75% of full 
white is represented by 


carrier power; 


zero, black by 75% . 
(3) Synchronizing pulses of standard 
form, duration and location with respect 


to the video information are transmitted 
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in the range from 75 to 100% of visual 
carrier powet! 
These 


govern the transmission of aural informa- 


conventions and others which 


tion are, of course, well known, ‘They are 
mentioned here only to point out some 
ways in which nonstandard coding of 
television transmissions can be used to 
render a transmission “‘private” in the 
sense that acceptable reproduction of the 
visual and aural intelligence being trans- 
mitted cannot be accomplished by a 
standard receiver whose design is based 
upon the standard conventions. 

\ point of some importance arises 
stand- 


here. Once the conventions for 


ard coding of television transmissions 
have been settled, it is then the goal of the 
receiver designer to build a_ receiver 
which will give adequate reproduction of 
picture and sound when these conven- 
tions are used and, in effect, will have 
nothing to spare. Competition in terms 
of price is so important that the well-de- 
signed receiver will have very little capa- 
bility outside of the conventions of trans- 
mission and reception for which it has 
been designed. ‘This means that, when 
we depart from those conventions in 
order to transmit a subscription television 
program, the nature of our departure 
from the accepted standards of transmis- 
sion and reception will determine the 
amount and complexity of the auxiliary 
equipment required at the receiver to 
enable it to reproduce good pictures and 
sound under the novel conditions. Qual- 
ity of program reproduction is, if any- 


thing, more important in subscription 
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television than it is in ordinary television. 
The subscriber, having paid for the pro- 
gram, will expect to receive picture and 
sound of good technical quality. 

conventions tor 


The agreed coding 


television immediately suggest a variety 
of ways in which the coding scheme can 
be « hanged | he standard line scan Can 
be replaced by a different scanning raster; 
this may consist of an altered number of 
lines per field, of fields per frame, or both 
It may involve bizarre sorts of scan such 
as spirals, to-and-fro zigzags, or other pat- 
terns; or perhaps an alteration in the 


order in which lines are scanned in a 


given field. ‘The representation of bright- 


ness can be modified in various ways 
[he simplest is perhaps an inversion of 
the analog brightness scale, so that the 
picture transmitted is related to a stand- 
ard transmission as a_ photographi 


Alter- 


natively, various digital schemes for in- 


negative 1s related toa positive 
dicating the brightness of a picture ele- 
ment can be imagined Phe conventions 


regarding synchronizing signals admit 
of a rich variety of possible variations 


The 


pressed or changed in form, or a change in 


synchronizing signals can be sup- 
the time relationship between the syn- 
chronizing signals and the scanning ac- 


tions which they are to produce can be in- 





ENCODER 


BRIGHTNESS INFO 


troduced. There are many other possible 
schemes for altering the convention under 
which television signals are encoded, and 
there is no point in discussing them ex- 
haustively here. 

Note that while we have talked only in 
terms of encoding and decoding the 
visual information, similar considerations 
apply to the encoding and decoding of 
the aural transmissions which accompany 
the picture signals 


Rather 


merits ol 


than discussing the relative 


various specific nonstandard 
forms of coding, it will be useful to com- 
plete this discussion of the secrecy prob- 
lem by dealing briefly with the manner 
in which the security of any private tele- 
can be maintained 


Vision transmission 


inviolate. It is clear at the outset that no 
single choice of a nonstandard code, how- 
ever elaborate may be the differences be- 
tween it and the standard transmission 
convention, will insure the privacy that 
is desired. ‘The persistent use of a single 
code will provide time for analysis of the 
coding method and the consequent Con- 
struction and use of unauthorized de- 
coders 


Neither 


manent 


that 


for coded transmissions 


can it be assumed per- 


privacy 
can inhere in the constructional details 


of the decoder mechanism itself. It must 
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Fig. 2. The original Phonevision proposal. 
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be supposed that any decoding attach- 


ment which can be manufactured 
cheaply and in large numbers can also be 
readily duplicated by unauthorized 
people 
Dhere 


privacy of the coded transmissions can be 


remain two ways in which the 


maintained The first is represented, for 


example, by the so-called Phonevision 


system of subscription television (Fig. 2) 
\ private channel for electrical commu- 
nications between each subscriber and a 
central office is postulated in this scheme; 
because the cost of installing a special 
channel especially for subscription tele- 
vision would be entirely prohibitive, the 
use of telephone lines was originally pro- 


The 


used for 


posed private communication 


channel is the transmission ol 
signals which control the action of the de- 
coder, upon indication by the subscriber 
concerned that he wishes to purchase the 
subscription program being broadcast 
Without these signals, even a decoder of 
Phonevision system 


the sort used in the 


will not successfully decode the coded 


transmission, It is characteristic of this 


scheme, which we might refer to as a 
that the 


secrecy for the decoding process is pro- 


closed system,” necessary 


vided by the existence of a private com- 


munications channel between the sub- 


[ scene } 


ENCODER 
AND 
TRANSMITTER 
—_ a 
PHYSICAL TRANSPORT OF 
ENCODING INFORMATION 





CENTER FOR 
PREPARING 
CUDE CARDS 


PHYSICAL 
TRANSPORT 
OF CODE CARD 


CODE CARD 
SALES POINT 


Fig. 3. 
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scriber and the encoding center which 
controls the nature of the transmission. 
Such a 
ward and has much to recommend it. In 
the 


which must be added to the subscriber’s 


closed system is  straightfor- 


particular, decoding attachment 
receiver is likely to be simpler in the case 
ol the ( losed system than it is in the Case 
of the open type of system which we shall 
discuss in a moment. Unfortunately, the 
closed system suffers from the profound 
difficulty that the private channels ol 
communication which it requires repre- 
sent a Vast capital investment on the part 
of some utility system. Any realistic as- 
sessment of the charges which should be 
made for the use of such channels to pro- 
vide subscription television yields the re- 
sult that such a closed system is very ex- 


| here 


practical difficulties, such as the demand 


pensive to operate. are other 
this system would make on the central- 
office switching facilities of the telephone 
system, but this is not the place to con- 
sider them. 

Another form of closed system has been 
proposed under the name ‘‘Subscriber- 
Vision” 


scriber himself cooperates in providing 


(Fig. 3). In this system the sub- 
the secure channel for decoding informa- 
tion. This is accomplished through the 


physical transport of a code card or other 
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physical code device; such code cards 
would be prepared with the necessary in- 
formation to decode certain future trans- 
missions, and then distributed to various 
points of sale in the communities where 
subscription television programs on this 
scheme were to be offered. A subscriber 
wishing to purchase a series of programs 
would purchase the corresponding code 
card at a point of sale, take it physically 
to his television receiver, and insert it into 
the decoding unit attached to his re- 
ceiver. The decoding unit will be ac- 
tuated in the proper fashion only when 
it has been provided with the code card 
appropriate to the program being broad- 
cast. 

Provided that the distribution of code 
cards can be adequately controlled and 
counterfeiting eliminated, it is apparent 
that this also constitutes a closed system, 
in the sense that a secure communication 
between the encoding 


channel cente! 


and each subscriber’s decoder is pro- 
vided, this time by the physical trans- 
port of a code card from the encoding 
center to the point of sale and from the 
point of sale to the subscriber’s decoding 
unit, 

In contrast with the closed systems just 
described is the class of svstem which does 
not require a secure channel for the trans- 
mission to each subscriber’s decoding 
unit of the decoding information appro- 
priate to the coded transmission being 
broadcast. In an “open system,” as we 
shall call the latter type, the information 
to decode the transmission is 


The fact 


that the transformation necessary 


necessary 
broadcast with the program. 
to in- 
terpret this broadcast decoding informa- 
tion may be altered occasionally does not 
affect the be- 


fundamental difference 


tween a closed and an open system: in 


the closed system part of the decoding 
information is transmitted in a private 
channel; while in the open system, the 
decoding information is broadcast with 
the program. 

The secrecy obtained in an open sys- 


tem clearly resides in the provision of a 
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variety of possible codes which is sufh- 
ciently rich so that random experimenta- 
tion with a decoding mechanism identical 
with that provided to authorized sub- 
scribers will still be unlikely to produce 
which 


an adjustment corresponds to 


satisfactory decoding. ‘That is, the open 


system must rely 
the 


private channel, can transmit its decod- 


upon cryptographi 


security; closed system, having a 
ing messages “in the clear.”’ 
As IS the 


method of encoding and decoding must 


usual in cryptography, 
not be allowed to remain unc hanged for 
any considerable length of time, since 


this would provide opportunity — for 


analysis of the code used. A complex se- 
quence of encoding and decoding meth- 
ods should be used; one of the functions 
of the decoder can be to provide for the 
the 


programming ol appropriate  se- 


quence, At longer periods, the nature of 
the programming can be changed by al- 
tering settings in the decoder, ‘To con- 
the 


communication, 


tinue analogy with cryptographi 


we see that this corre- 
sponds to a change in the “key” informa- 
tion used to encode and decode mes- 
sages, and requires a secure means of dis- 
tributing the key information. 

Given adequate cryptographic secur- 
ity, there is little doubt that an open sys- 
tem 1s preferable to a closed one. It does 
not involve the vast code-card prepara- 
tion and distribution problem = charac- 
teristic of the Subscriber-Vision system 
nor does it require of the subscriber that 
he make an expedition to the store in 
order to be able to see a show It avoids 
adding to the already serious problems of 
subscription television the further prob- 
lems inherent in the use of a complicated 
and expensive wire Communications sys- 
tem, as entailed in the original Phonevi- 
sion proposal, 

Accepting this conclusion, let us now 
the 


open system can be realized 


which an 
We must 


first settle on the operating characteristics 


discuss some. of ways In 


of a satisfactory subscription television 


System 


Subscription Television 





Operating Requirements 
for Subscription Television 


most desirable 


The choice of the 


ating characteristics for a 


oOper- 
ystem of sub- 
scription television can be debated, and 
has been. No attempt will be made here 
the choices which are charac- 


of the 


to jyustily 
teristic Telemeter system, beyond 
remarking that they are based primarily 
on two main considerations: (a) conveni- 


ence to the user of the system, and (b) 
Maintaining as close as possible an anal- 
ogy with practices which are standard 
and successful in existing forms of enter- 
Surely 


can be no quarrel with the first considera- 


tainment merchandising there 
second has been 


belief 


pirically arrived at through centuries of 


tion; the adopted be- 


cause ol our that practices em- 


experimentation are likely to be sound 
On these bases, then, we believe that the 
ideal subscription television system will 
have the following properties 


(1) Jt mu t operate for cash 


With minor 


and trivial exception, entertainment 


has never been successfully sold = on 


credit. ‘There is no reason to suppose 


that the introduction of television as a 


medium for merchandising entertain- 
ment will change things radically enough 
to overturn the empirically justified view 
that it cannot be. It is our belief that the 
only practle al way in which cash opera- 
tion of a subscription television system 
can be achieved is through the medium 
of a coin-actuated mechanism 

(2) Prices for individual programs must be 
capable of being varied. 


dion costs of different programs are dif- 


Since the produc- 


ferent, and the value to the viewer even 
of the same program may be different at 
different times (e.g., first-run, second-run 
and third-run motion pictures), a sub- 
scription system which operates on a 
fixed-price basis has surrendered much 
of its potential flexibility and usefulness 

4) Shoes j 


not on 


must he sold on a program basi 


a time basis \ baseball game that 
goes twelve innings must still be shown 


in its entirety to a viewer who has paid 
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admission; a person who pays for a mo- 
tion picture being shown twice in an 
evening must be permitted to sit through 
two complete showings of the pi ture for 
one admission, if he so desires, just as he 
could in a theater. 

(4) The tdentity. 
of a subscription tele: 
announced for the benefit of those tuning to the 


price and current statu 


tston program should be 
during the 


channel carrying wt, at all times 


program. In the present ‘Telemeter sys- 
tem, this is accomplished by means of an 


called the 


which is received when a sub- 


additional aural channel 
“*barker,”’ 
scriber tunes to a channel carrying a pay 
show. If the subscriber elects to purchase 
the show, the barker is replaced by the 
program sound as soon as the price of the 
show has been met. In the absence of 
some such provision, dependence must 
be placed on other means of informing 
being of- 


subscribers as to the shows 


fered. While much can be done through 
newspaper advertising, special weekly or 
monthly program circulars, spot an- 
television, 
that the 


important feature of a 


nouncements on radio and 


et we are of the opinion 


barker is a very 


proper subscription television system. 
recora kept of 


purchased by every subscriber. 


(5) An must be 


shou 
While the primary requirement for mak- 


accurate 


every 


ing such a record lies in the fact that the 
produc er of entertainment is accustomed 
to being paid on the basis of a percentage 
of the gross admissions, there are ancil- 
lary reasons which make it desirable to 
keep a complete and detailed record, as 
we shall see. 


We now 
logical organization of systems that meet 


consider the alternative 


these requirements. 
Logical Organization 
of Subscription Systems 


| he 


subscription 


elements of the most general 


television system meeting 


the requirements specified in the last 
section are shown in Fig. 4, together with 
the information-flow among the various 
The transmitter must be 


units. con- 
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Fig. 4. Elements of the general coin-operated system. 


trolled by a code generator which both 
governs the convention used in encoding 
key 


signals that relate to the encoding method 


and also supplies for transmission 


inuse. ‘The price and identity of the pro- 
gram must also be transmitted, usually 
The ‘“‘barker 


aural 


in two ways. * gives to the 


subscriber an indication of price 


and program identity; at the same time, 
a suitably coded version of the program 
price must be transmitted to what we 
have called the “boxoffice unit.” It is 
the function of this unit to display the 
») receive the COINS de- 


program price, t 


posited in it by a subscriber who wishes 
to purchase the program, and, upon re- 
ceipt of the full program price, to present 
ol the 


which thereupon commences to decode 


evidence payment to decoder, 
the program, and to the recorder, which 
thereupon makes a record of the identity 
of the program purchased. Coded pro- 
gram-identity signals must also be trans- 
mitted, in order to enable the recorder to 
work, 

It will that 


receives Iinlormation trom several sources 


be apparent the decoder 


We have already noted that it is put into 


action by an evidence-of-payment signal 


Ridenour and Brown: 


from the boxoffice unit; this signal may 
or may not play a part in the actual de- 
coding process, as we shall see presently 
In addition, the decoder receives the key 
signals which the transmitter is sending 
the 


plicit in its construction some set of con- 


to accompany program, it has im- 
ventions defining a class of possible en- 
coding methods, and it may receive from 


called the 


unit” further key signals that play a role 


what ts “subscriber-identity 


in the decoding process. ‘The function of 
the subscriber-identity unit will become 
evident as the discussion proc eeds 

The fundamental organization of any 
subscription television system meeting 
the requirements we have laid down is 
that shown in Fig. 4. Detailed variation 
in the system design arises depending on 
the manner in which the four units of the 
subscriber’s attachment boxoffice unit, 


recorder, decoder and = subscriber-iden- 


tity unit are associated with one an- 
other. 


Here, 


by calling upon the subscriber himself to 


For example, consider Fig. 5. 


assist in the transport of decoding infor- 
mation, we have reduced to a minimum 
the amount of apparatus which must be 


Subscription Television 189 











PRICE, PROGRAM IDENTITY, 
AND INPUT CODE FROM 
ANOTHER SOURCE, E.G 





BOX-OF FICE 


OUTPUT - CODE 
UNIT 


VENDOR 








EVIDENCE OF 
PAYMENT AND 
PROGRAM IDENTITY 

' 

' 

' 

' 








RECORDER 











NEWSPAPER -—~ 


SUBSCRIBER ee 


PROGRAM PRICE AND 
IDENTITY INFO BY AURAL 
OR VISUAL DISPLAY 


PAYMENT FOR 











PROGRAM 
INPUT 
CODE 


INPUT CODE PROGRAM 
PRICE AND IDENTITY 











DECODING DECODER 











AL 
RECEIVER 











ATTACHMENT 





PARTIAL KEY 
SIGNALS 








SUBSCRIBER- 
IDENTITY UNIT 


OCCASIONAL SETTINGS BY 
COIN COLLECTOR 




















PARTIAL KEY 
SIGNALS 





BRIGHTNESS INFO 
AND SYNC. SIGNALS 


Fig. 5. Coin-operated system with subscriber intervention; remote vendor. 


electric ally connected to the subscriber's 
receiver The boxoffice unit and the re- 
corder have been associated in a device 


called a 


ically 


whic h Can be 


the 


‘vendor,’ phys- 


isolated from “decoding at- 


tachment indeed, a single vendor can, 
if desired, serve a number of subscribers. 
Only the the 


scriber-identity unit 


decoder itself and sub- 
are associated in the 
individual decoding attachment 

The system shown in I lv 
The 


the barker) of the nature and 
the the 


y Operates as 


follows subscriber is informed 
Cz... by 
price of program available on 
channel to which he is tuned, and he is 
given in addition a code message which 


the This 


message must Contain an indication of the 


characterizes program code 


price and identity of the program, in 


work 


fhe subscriber then goes to the 


order for the vendor to satislac- 
torily 
vendor and enters the code group char- 
acterizing the program, and another code 
group which serves to identify the sub- 
On the 


information, 


scriber himself basis of these 


items of which together 
comprise the “input code” of Fig. 5, the 
vendor prepares itself to receive payment 
for the program { pon the subscriber’s 
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meeting the price asked for the program, 


the vendor makes a recording of the 
identity of the program purchased and 
the subscriber’s identity; it then presents 
to the subscriber a new code group (the 
“output code’’) which may simply be a 
message or alternatively may take some 
physical form, such as that of a code 
card, 

The subscriber now returns to his set 
and enters the output code into its de- 
coding attachment. On the basis of this 
information and that supplied it by the 
the decoder is 


subscriber-identity unit, 


actuated and the program is decoded. 
We now see one reason for the subs« riber- 
Without it, the full code 
required by the decoder would be avail- 
the this 


would be subscribers. 


identity unit. 


able to subscriber, and code 
the same for all 
Collusion among subscribers would then 
enable a single output code purchased by 
one subscriber to be used by the entire 
group, without any record being made of 
this fact, since the recorder is located in 
the vendor, It is therefore necessary to 
render each output code unique to each 
subscriber, which can be done by « ausing 


the input code, and therefore the output 
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Fig. 6. Coin-operated 


code, to be unique to each subscriber 
Phe various individual output codes are 
then all translated back into the propet 
decoding pattern through the interven- 
tion of the subscriber-identity unit, whose 
settings have been chosen to match the 
variations in output code produced by 
the subscriber-identity part of the input 
code 


Che ol 


maximum degree of subscriber interven- 


system Fig. 5 represents the 
tion in the decoding process which we 
think is at all feasible 
system which is more nearly automati 

In Fig. 6, 


recorder, which together comp! ise the re- 


Figure 6 shows a 


the boxoffice unit and the 
mote vendor of Fig. 5, are associated with 


the decoder and the subscriber-identity 
the 
which must be physically and electrically 


[he in- 


formation on program price and identity 


unit in subscriber’s attachment, 


joined to the television receiver. 
reaches the attachment directly from the 


the 
he output 


television without inter- 
ol 
code is presented to the subscriber, who 


As in the 


system of Fig. 5, and for the same reasons, 


receiver, 


vention the subscriber 


enters it into the decoder. 


a subscriber-identity unit is necessary to 


Ridenour and Brown: 


system with subscriber intervention; 


RECEIVER 
<; PARTIAL KEY SIGNAL ] 


iI 
BRIGHTNESS INFO 
AND SYNC. SIGNALS 


automatic input code. 


handle output codes which are unique to 
each subscriber The part of the input 
the 


identity can be set into the recorder and 


code which represents subscriber’s 


boxoffice unit in) a semipermanent 
fashion, since the entire attachment is and 
remains in the possession of a single sub- 
scriber 

\nother possible system is shown in 


lig Her 


enter the Input code, which has reached 


the subscriber intervenes to 


him via the receiver, perhaps through the 
of the barker As in Fig. 6, 
subscriber-identity part of the input code 


agency the 
is built into the attachment and need not 
be entered each time the equipment is 
used Phe output code now goes directly 


from the boxoffice unit to the decoder, 


entirely within the attachment Under 


this arrangement, there is no longer any 
necessity for a complicated output code, 
nor for one unique to each subscriber 
Since the output code is entirely unavail- 
able the 
simply of the closing of a relay which ac- 


the 


to subscriber, it can consist 


tuates decoder. An optional sub- 


scriber-identity unit 1s shown, for reasons 
which will become clear in a moment 
Actually, the to a 


when attachment 
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Fig. 7. 


subscriber’s set includes the boxoffice unit 
and the recorder, as well as the decoder, 
both the Input code and the output code 
be I his 


SOM the 


may as well made automatic 


produces simplification in 


equipment and also represents a system 


which makes the minimum demands 


upon its user The resulting fully auto- 
matic coin-operated system is the one 


used by Telemeter. Its logical organiza- 
tion is shown in Fig. & 

Price and program-identity informa- 
the 


lelemeter attachment 


the 


tion reach 


directly from television receiver: 


the price of the program is displayed 
the the 


unit Payment 


subscriber by box- 
ol 


actuates the re- 


visually to 


othe c 


pr ice 


the program 


by the subscriber 


corder and the decode An optional 


subscriber-identity unit is shown in con- 
nection with this system, as it was In con- 
nection with that of Fig 


While the 


not 


subscriber-identity unit 1s 
of the 


tioned systems to guard the integrity of 


needed in either last-men- 


the output code, since this code never ap- 
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automatic output code. 


pears outside the closed box housing the 
attachment, such a provision may be use- 
ful for the following reason. In any coin- 
operated system, a collector must periodi- 


call 


been deposited in each home unit 


the coins that have 
The 


one 


cally to collect 


collector will occasionally find no 


home when he calls, and will thus be un- 
able One 


failure to collect is tolerable, but two or 


to make a collection such 


more such failures lead to the danger that 


the coinbox will be overfull, or the re- 


cording medium used up, or both, be- 
We 


con- 


fore a successtul collection is made 


may say parenthetically that this 


stitutes something of an argument in 
favor of the remote vendor, which can be 
placed where a collector can always have 
access to it. Nevertheless, the subscriber 


convenience afforded by the system of 
Fig. 8 seems to us sufficient to overwhelm 
this apparent advantage of the system 
shown in Fig. 5. 

The difficulty 


ameliorated by 


just mentioned can be 


the use of a subscriber- 


identity unit, not to identify any par- 
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Fig. 8. Telemeter: a fully automatic coi.-operated system 


ticular subscriber, but rather to indicate 
that 


lector has been made 


recent call by a col- 
That is, 


unit used in this fashion 


a sufficiently 
the sub- 
scriber-identity 
may be provided with a code sufficiently 
redundant so that its June setting by the 
collector will operate satisfactorily during 
June and July, but not August; the July 
setting will operate for July and August, 
This will 
permit one unsuccessful call by the coin 
if 


Soon 


but not September, and so on 


collector, but no more than one; 


call 
thereafter the Telemeter attachment will 
Occa- 


sional settings of the subscriber-identity 


second unsuccessful is made, 


no longer operate satisfactorily 


unit by the coin collector have been in- 


dicated in Figs. 4-8 inclusive, to provide 


for this use of the unit 


Realization of the Telemeter System 


It will be apparent from the foregoing 
discussion that many alternative ways are 
available for realizing a system of the logi- 
cal organization and operating features 
preferred by the International Telem- 
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eter Corp. A vigorous program of de- 
velopment is being carried out to deter- 
mine the optimum detailed design for the 
system: since this is still in progress, it 
would be premature to discuss here the 
ol 


means used in the 


details the encoding, decoding and 


othe lelemeter sys- 


tem. ‘The authors feel strongly that, as is 
usual! in engineering development, a de- 
had 
more important than the details of how 
it 1 be the 
paper is therefore devoted to establishing 


cision on what best be done is far 


1s accomplished ; present 
a rational basis for the design of a satis- 


factory pay-as-you-see television system 


Discussion 
HH. Offenhauser, 
In I 


entirely 


Ye By e of 


has 


Jy 
that 


set 


Indre 
the 
of 
totally 


Wn 
{ener 


used 


see author 


an new terms with 


this Society unfamiliar 
the 


channel 


which 1s 


For instance, terms encode, decode, and 


secure are basic terms that have 


not appeared previously in our proceedings 
Will the be 
explicit glossary and bibliography at the 


author good enough to add an 


end of his paper that will enable readers of 
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our Journal to appreciate these new con- 


I ll do miy be st 
Navy uses 
erybody else \s a matter of 


(one 


and term 
Ur. Ridenour 


1 word that the 


ce pt 
Secure 
in a different 
from ©e 
fact, the 


erse 
Navy uses it in two 


enses 


mei to sweep out other means 


and the 
to keep private it’s the 
of the word that I 


Encoding 


to keep pri- 


vate” use had in mind 


and decoding Is just a more 


precise way of talking about 


called 
I he lattes 


what is often 


scrambling and unscrambling 


term ire inappropriate, be- 


cause, in order to get 


a picture through a 


needle’s eye the way you must in television, 


you have to encode the 


first 
Thus, 


scrambling is that 


picture in the 
place and decode it at the 


all that i 


receive! 
meant by 
of coding 
that 


© a nonstandard method 


Note 


tandard” is a term which ha 


and decoding ilso non- 
only a eCco- 


rraphical reference; the transmis 


that we 


ion code 


regard as standard would be quite 


unintelligible to a French receiver It is 


important to the understanding of | the 


ubject not to use the terms “scrambling 


and unscrambling coding and 


but to use 
instead 

txe/ Jensen (Bell Telephon 
Murray Ihill, N.J It is 
field. New 


time; and when the 


cle« oding 
Lahor Worle 


quite true that we 


are in a new ideas are coming 


out all the engineers 


have new ideas they put words to them 


you can't help that It’s up to Societies 
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like SMPTE and IRE later to take a hold 
of those things and try to standardize some 
I don’t 


too much about it 


of the terms that are being used 
think we should worry 
in the very early stages. Eventually those 
things will get themselves straight. 


{non 


maintains the auxiliary equipment for the 


I would like to know who owns and 


receiver 
Ur. Ridenour 
that 


I'm talking out of turn to 


answe! question, because this is a 
matter of policy that will have to be de- 
cided after a considerable amount of 
However, it seems likely that the 
attachments to people’s receivers will have 


to be 


thought 


managed on the same basis as are 


telephone instruments That is, they will 


have to be, and remain, the property of the 


operating company, for several reasons 


One is that you have to be able to fix them 


another is that you must have access to 


them in order to collect money if it’s a 
coin-operated mechanism, and so on 
that 


say that it is actually cheaper 


fron: Then in view of would 


you 
than a tele- 
phone line? 


Vr. Ridenour: | 


phone engineers 


asked 


about the 


have some. tele- 
capital cost 
represented by a single home telephone 


installation; it runs well over $350 in the 
operating company of which I inquired 
Now I’m quite sure we can build a satis- 
factory pay-as-you-see unit for considerably 


less than that 


Vol. 61 





Closed-Circuit Video Recording 


for a Fine Music Program 


By W. A. PALMER 


The requirement that an experimental series of ‘‘Standard Hour 


” 


television 


concerts be released in six markets on 16mm film posed special problems of 


economics and quality. 


Closed-circuit special video recording was used in- 


corporating a number of unconventional techniques such as the use of direct- 


positive ‘‘reversal’’? masters and negative-image release prints. 


Prescoring 


was used for all musical numbers and audio procedure made use of \-in. 


magnetic tape, 16mm magnetic film, and a direct-positive electro-printed 


variable-density sound track for final release. 


W., N the Standard Oil Company of 


California decided to make an experi- 
“The Stand- 


ard Hour” musical programs, there were 


mental television version of 


several requirements immediately appar- 
ent 
(1) The 


released in six 


program would have to be 


western markets from 
16mm film since a network hook-up for 
these stations was not available 

(2) Audio quality from the 16mm film 
would have to meet AM 


that the 


radio-network 


standards so radio audience, 
built up over a period of twenty-five 
musical 


vears, would not feel a loss in 


value as a result of the addition of the 
visuals. 

(3) Each program would include 
Presented on April 28, 1953, at the Society 
Angeles by W \ 
Films, Inc., 611 


San Francisco 5, Calif 


Convention at Los 
Palmer, W. A 
Howard St., 
(This paper was received March 27, 1953 


Palmer 
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svinphony orchestra, a “‘star”’ vocalist, a 


new young “discovery,” an instrumental 
soloist and a ballet number 


1) ‘Technical 
have to be efficient 


procedures followed 


would and flexible 


enough to produce the required film 


material within moderate budget limit 
Phe caliber of the 


lormance 


musical per- 


stage-craft’’ used on 


to be of the 


and the 
settings would have highest 
order 

\fter a number of tests and the making 
Was decided to use 


of a pilot film, it 


closed-circuit’ video recording in. con- 
junction with prerecording of the music 
In other words, there was to | a Com- 
bination of television and motion-picture 


take 


ele ctroni 


techniques to advantage oO the 


efficiency of the cameras and 


sul have the advantage of the more flexi- 


ble handling of musical numbers which 
theatrical 


has been common in_ the 


motion-picture industry for many years 
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Fig. 1. 


Or expressed in terminology which has 


been suggested before Electronic 


Motion Pictures” were to be used 


The programs were produced in 


units,” each unit supplying several 
musical numbers which could be spotted 
throughout the 


on several programs 


series. In this way it was possible to have 
several appearances of a given artist and 
Al hic ve a 
\ “unit” 


during which enough material for one 


great variety in each program 


involved four days shooting 


and a half programs was obtained 


Audio 


The 


television programs started with 


Lhe production ol Standard 
Hour” 


the recording of the musical sound tracks 


recorders at the 


on Ampex tin 
ABC) San 


tape ts, ol 


tape 
Francisco studios The lin. 
course, not a svnchronous 
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General working area; television cameras indicated by arrows. 


medium, but since “‘prescoring’’ was to 


be used, an absolutely synchronous 
method was not necessary at this stage 
and the unperforated tape made possible 
more precise editing. 

Iwo Altec 21B microphones were used, 
one general pickup for the orchestra and 
one for the soloists. 

In preparing the music, a great deal of 
advantage was taken of the facility of tape 
editing, permitting the combination of 
several takes to get a more nearly perfect 
performance. With nonperforated mag- 
ne vic tape, the assembly of parts of a 
musical number could be accomplished 
with great precision, since a splice could 
be made at any desired point, such as 
between sixteenth notes, without evi- 
dence that a cut and splice had been 
made, 


With the completion of the editing of 
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the tapes, the music was re-recorded to 
magnetic 16mm perforated film running 
72 This 


sound track for all subsequent operations 


at fpm became the master 


At the same time, an additional trans- 


fer of the music was made to a 16mm 


direct-positive photographic sound track 
called out numbers at 


while a_ voice 


various musical 


track, re- 


intervals to. identify 


phrases Phe photographic 
corded at the standard 16mm speed of 
36 fpm, was used to play back and cue 
the artists during photography. 

Disks were also made and given to the 
arusts so they could rehearse with the 
rec ording m privacy prior to the shooting 


SESslt ns. 


Equipment for Photography 


During the photography sessions at the 
Auditorium at Richmond, Calif., 
RCA 
camera Chains were used as in a regular 
KGO-ABC “remote” job. 


Figure 1 shows the general working 


Civic 


four standard image-orthicon 


area with television cameras (indicated 
by arrows) on the set in the background 
and the control and recording equipment 
in the foreground. 

A Houston-Fearless 


was used for most shots where a mobile 


“Academy” crane 


camera was needed. A second camera 
Fearless baby boom 
third 


pedestal. 


was mounted on a 
was 
Phe 
field 
tripod, usually located on a high parallel 
ballet se- 


and a 
RCA 


was mounted on a 


or perambulator 
mounted on a 
fourth camera 
to cove! “pattern” shots on 
quences, 
The 
available for all cameras with the addi- 


tion of a Walker 
All four Calneras, with then asso iated 


usual lens complements were 


Elec tro-zoom. lens. 
field monitors, were fed through 4 field- 
switching unit to a’ TM5A monitor which 
had a video-recording camera focused on 
it 

The 16mm _ video-recording camera 
used is of special design with a shutter- 
optical system combination permitting 
a shutter-bar free picture to be obtained 


Palmer: 


from the regular 10-in. P4 long-persist- 
ence phosphor kines¢ ope. 

An optical system in the camera shows 
an enlarged upright image of the film 
aperture. Line-up, focus and “picture 
splice” phasing is done by visual inspec- 
tion through this optical system and the 
image on the film may be watched during 
actual photography. 

Picture quality on the monitor was 
judged by eye with the aid of a Norwood- 
Bolex exposure meter to set the average 
light level The hemisphere light shield 
was not used on the Norwood meter but 
the bare cell Was held close to the tube 
face to make a reading. 

Lighting equipment was conventional, 
mostly 2-kw juniors and 750-w “babies,” 
with a few 5-kw seniors and skypans. 
The great sensitivity of the image orthi- 
cons permitted a light level considerably 
lower than required for regular motion- 


picture photography even though lenses 


were usually used at about // 5.6. 


Photographic Procedure 


In photographing the various musical 
numbers, the photographic sound track 
with its voiced cue numbers was played 
back through horns on the set while the 
artists sang or played along with the 
track 


ing, “‘clicks’’ were placed in the track 


\s an added help in synchroniz- 


there was a drasti change in 
Audio playback 
equipment is shown at the extreme right 


wherever 
tempo or a rubato. 
of Fig 


Sometimes, whole musical numbers 


half of a 


photographed in one “take,” 


or at least number would be 


individual 


scenes being switched Or electronically 


“cut from the several cameras \t 


other trmes one camera position at a time 
was used and the “cutting” or editing 
left for the finishing operations in making 
up the final shows as is the usual tech- 
nique in regular film making 

\s the recording or photographic proc- 
ess was going on, the artists performing in 
synchrony with their played-back music, 
track also being re- 


the sound Was 
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Fig. 2. Arrangement of monitors and controls; audio playback equipment 


at extreme right. 


recorded on a “single system’’ modulator 
within the 16mm video-recording camera 
on the same film that recorded the pic- 
ture. This track was used as a guide for 
matching the master sound track in the 
later operations and served as a sound 
source during the showing of “‘rushes”’ 
and in the “rough cut” stages of making 
up complete programs 

Du Pont Type 930 or Eastman Plus X 
film was used and processed by the re- 
versal method to give a direct-positive 
master The commentator and the pro- 
gram pages were also photographed on 
film by conventional 


lomm reversal 


motion-picture methods 


Make-up of Complete Programs 


Since the final release would have to be 


on 16mm film run on conventional 


iconoscope chains, experiments were 
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made with different qualities of both 
positive and negative prints off the 16mm 
masters with a view to obtaining the best 
gray-scale 


transfer characteristics or 


rendering. ‘The negatives were run on 
the television film chain with polarity 


I hese 


test prints were also put out over the air 


reversal to yield a positive image 


aS an engineering test and observed on 
home receivers. ‘The most satisfactory 
transmission resulted from the use of the 
since the well-known 


negative images 


highlight compression characteristics 
of the iconoscope vwecame compression 
of the shadows which was actually bene- 
ficial to gray-scale rendering. By virtue 
of the film, the 


negative television release prints could be 


16mm master reversal 
incur- 
The 16mm 


reversal original thus became the mastet 


contact-printed directly without 


ring losses in successive steps. 
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from which all air release prints were 


made 

The original reversal film had a sound 
track recorded alongside the picture as 
described above and from this composite 
original, a work print was made by the 
reversal method to be used for editing. 
This was accomplished more easily than 
been the case if the usual 


would have 


“double film’? technique were used. 
The usual objec tions to editing a com- 
posite sound-and-picture film did not 
apply here because the various scenes 
that were to be joined had an overlap of 
common sound track of identical modu- 
lation. It was therefore only necessary 
to find the duplicate modulations on two 
scenes to find the accurate cutting point 
by reference to either picture or sound 


track 


was 26 frames behind the sound modula- 


The fact that the cutting point 


tion created a minor hazard that had to 
be kept in mind to avoid errors. 

When the final assembly of the entire 
program was made, combining the vari- 
ous ingredients, stock opening and clos- 
ing, audience reaction, commentator 
“on camera,” program pages, and insti- 
tutional message, it Was necessary to go 


track 


However, a shortcut was used 


to separate films for sound and 


pil ture 
to avoid having to run many of the pre- 
views in interlock with three sound 
tracks. 


The voice track for 


was recorded on 16mm magnetic film at 


the commentator 


36 fpm and this was assembled on the 
same reel interspersed with the photo- 
graphic-cue track which was used for 
playback during photographic sessions. 

Interlock projections of the entire pro- 
gram could then be made with just one 
sound track, the combination magnetic- 


track 


running in synchronism with the picture 


voice and photographic-musi¢ 


work print. A special reproducer for this 
combination sound track was devised so 
that both magnetic and photographic 
sound could be reproduced as each type 


alternately passed the reproduc ing point, 
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This 


also served as a guide to set up the master 


combined photomagnetic reel 
music tracks which were double length, 
that is fidelity, 


having a frequency range of 20 to 15,000 


72 fpm for maximum 


cycles. The matching between the com- 


track 


required a 


bination photomagnetic and the 


track 


svnchronizer with a two-to-one gear ratio 


72-fpm magnetic 


between sprockets 


Making Final Release Prints 
The 


were set up in A and B reels for the entire 


master 16mm _ reversal positives 
length of the programs since there were 
many effects, particularly lap-dissolves, 
in each program. Wherever possible in 
the musical numbers, each master scene 
was left in its full length so that the place- 
ment of the dissolve could be changed if 
desired for improved effect after the first 
answer print or for a different editing in 
future use of the same material. 
Eastman Type 7365 Fine Grain Dupli- 
cating Positive was selected for the nega- 
tive-image release prints which were con- 
tact printed from the master positive A 
and B rolls. 


fogged on the picture area only, to a den- 
] 


Ihe stock had been first pre- 
sity of 0.: This served to flatten out the 
toe of the emulsion characteristic and still 
further improve shadow detail in the final 
television transmission. 

The picture was printed to have a 
range in the negative 


density image 


from a maximum of 1.5, representing the 


? 


highest highlight, to 0.2 for the deepest 


shadow. ‘The film was developed in a 
[76 negative developer to a gamma ol 


1.0. 


Electrical Printing of Sound Tracks 


track 


elec tro-printed to each release print from 


The sound was re-recorded or 


three sound channels running in syn- 
chrony. One channel had the commenta- 
16mm film (the 
magnetic part of the combination photo- 


\ second 


channel! had all the musical numbers and 


tor’s voice on magnetic 


magnetic film used in editing) 


was the 72-fpm 16mm magnetic film. 
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The third channel was used for applause 
tracks. 

Each applause track was an authentic 
complete recording taken from one of 
‘The Standard Hour 


started 


radio broadcasts 


and with the normal scattered 
claps, building up to the full volume and 
gradually subsiding 


The Type 
| 


tremely fine grain and yellow dye is most 


7365 emulsion with its ex- 


suitable for a high-quality printed sound 
track but posed some problems in regard 
to an electrically printed transfer be- 
cause of the extremely low sensitivity, the 
emulsion speed being approximately one- 
ninth the speed of Eastman Lype 7302 
stock, 

Since a satisfactory balance density for 
a variable-area direct-positive track is 
low! when medium- 


very applied to 


contrast positive emulsions, it seemed 
desirable to use a variable-density track. 

The sound track was transferred to the 
Western Electric 


equipped with a 


7365 emulsion by a 
RA1231-C 
spec ial modulator. 
RA294 


with revised optical system de- 


recorder 
This was an adap- 
tion of the mirror-type modu- 
lator? 
signed to give a variable-intensity modu- 
lation and compensate for the emulsion 
characteristic of the 7365 stock yielding 
a linear-density record in the range be- 
tween a density of 1.0 and the clear film 


base. ‘The unusually large mirror of the 


modulator (6.7 * 10.0 mm) made pos- 


sible adequate exposure ol the film with- 
Nine 


decibels of noise reduction was used since 


out overvolting the exposure lamp. 


the optical compensation for the emul- 
sion characteristic extended through the 


“toe” to well into the “straight-line” 


portion. This gave a sound track with a 


frequeme y response from 30 to 6000 evcles 


and with a signal-to-noise ratio of about 
40 db, meeting the standards of AM net- 


work broadcasting 


Conclusion 


The method of closed-circuit video re- 
cording described makes possible a very 


efficient means of good quality television 
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transcription with all the flexibility ol 
live-television camera technique com- 
bined with the editing and selection ad- 
vantages of motion-picture production. 

The use of prescoring for a musical 
program was shown to be entirely practi- 
cal and eliminated all problems of micro- 
phone placement as well as insuring flaw- 
less musical performance. 

The enthusiasm of the artists for the 


Most 


teered their preference for this combina- 


method was noteworthy. volun- 


tion of television and motion pictures 
wherein the intense pressure of live-tele- 
vision production and the boredom of 
production 


painstaking motion-picture 


are each tempered to a happy medium. 
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Discussion 


Lovell 


were 


Hollywood, Calif 
about the 


(NBC, 


very 


Ralph 
Bill, you 


camera 


modest 
I think you just mentioned that 
it was specially constructed. Would you 
be kind enough to tell us a bit more about 
how you designed it and from what source 
you started building this camera? 

Vr. Palmer: 
development It 
future 


The camera is still unde 


some might properly 


be a subject for a paper. ‘The 


basic mechanism makes use of parts from 
a Bell & Howell projector shuttle with a 
shutter optical system which permits a 


fade-out fade-in type of action resulting 


in a “picture splice” which occupies about 
usual 


lines instead of the 


Io describe it more fully, 


30 television 
three or four 
of course. would require some detail which 
time does not permit The unusual feature 
is that it makes possible the use of a long- 
persistence white phosphor kinescope 
The shutter 


for any given emulsion to give a shutter-bar 


action can be compensated 
free recording 
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You said a Bell & Howell 
Does that indicate a Bell & 


movement? 


Ur. Li 
movement 
Howell 

Vr. Palmer: Projector 

Ur. Lovell: Did you 


5mm movement 


projector 
movement, yes 
also do the 


make a 


Same 

thing with the 

55mm camera’ 
Vr. Palmer: 1 


which was used only on the later rec ordings 


made a 35mm camera 


and because we did not have complet 


material in 35mm we used it as a protective 
accelerated Geneva 


It has an projector 


movement with a shutter mechanism 


similar in principle to the 16mm camera 
Vr. Lovell: I 
ingenuity in making a camera 


I'd like 


experience if vou 


think we all admire you 
for your 


out of a projector to ask vou. in 


view of your were to 


another — series what changes 


make? [Pm 


continue 


initiate 
! 
would you particularly in- 


terested would you with the 


P4 phosphor, or would you try to use the 
P11 as many other people do? 


fr. Palmer: We 


high-definition 


would, of course, like 


to have a system, since 


we don’t have to be compatible with 


the 525-line system on a closed circuit 
We would 
the use of the P4 


allows us to judge the 


probably prefer to continue 


phosphor because it 
picture quality by 
factor In this 


could tell directly 


eve a very iunportant 


experimental series we 
from the gray seale apparent on_ the 
monitor, the type of recording we would 


get Phe emulsions and the processing 


Palmer: 


chosen were such that we had approxi 
a unity gamma system through to 
Actually we did gain 


but our visual impression 


mately 
the home receiver 
a little 
on the P4 phosphor gave us a good indica- 
Our 


within the 


contrast, 


tion of the final result in the home 
that 
limitations of the 525-line system, we would 


from a P11 


tests did not indicate 


gain appreciable definition 
tube 

Benjamin Berg (Benjamin Berg Agency 
Los Angel What is the pulldown. time 
on your shuttle? 

\fy Palmer: ‘Vhe camera 


with approximately a 30 degree 


shuttle 
operates 
pulldown. Seventy-two degrees are avail 
able for shutter action and pulldown so we 
had a little leeway of some 40 degrees to 
spread the picture splice 

{non: I'd like to know how you accom- 
Is this a 


density 


plish this splice of the picture 


conventional shutter or does the 
of the shutter itself vary 
Ur. Palmer: It’s a little hard to describe 


in a brief answer 


) 


but the shutter is a rotary 


type with two moving parts which co- 


operate with and are a part of the optical 


shutter creates an intensity 
film, so that 
area modulation of the image at the film 


at which the shutter 


system The 


variation at the there’s no 


aperture and the rate 
opens and closes is variable by adjustments 


that can be made, similar to the use of 


masks for direct variable-density 


shaped 


recording with a mirror-type modulator 
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Engineering Activities 





Stereophonic Sound 


\ major revolution is quietly taking 


place in the sound end of the motion- 
picture industry 


“debut, 


Stereophonic sound has 


made its has been well accepted 


and is apparently here to stay, but its 


entry has been somewhat obscured by the 
imultaneous and very dramatic intro- 
duction of 3-D and wide screens 


\ll that 
multiple-track 


and all 


recording is not 


glitters is not gold 
sound 
stereophonic, although often highly touted 
as such l'rue stereo (auditory perspective 
of lateral location and depth) requires the 
use not only of multiple recording channels 
but properly spaced microphones as well 
Pseudo-stereo may employ one mike in 
the studio whose output is later re-recorded 
on one or more of the multiple tracks to 
The result- 


may, 


simulate a stereophonic effect 


ing sound illusion on the screen 


however, if astutely done, bear a marked 


resemblance to the original sound scene 


and if it is, the audience will probably feel 
a sense of sound perspective 

Magnetic 
was first used in motion picture 


studios in 1947 


recording (the stereo sound 


medium 
and was confined to original 
from which a 


recording photographic 


track was re-recorded for release The 


rapid adoption of the magnetic medium 
a need for industry standards 
took the 


much discussion 


led early to 
The Society’s Sound Committee 
initiative here and after 
and some delay a 35mm, 3-track, magnetic 
proposal was approved as an American 
Standard (PH22.86-1953 in the May 
1953 Journai 

The development of this standard 
greatty furthered the use of stereo sound 


in the theater, for it provided a ready 


vehicle for both the studios and equipment 


manufacturers to rapidly exploit — this 


advance in sound realism 


However, in one respect this may be 


characterized as “‘one step forward and 


two steps back’ for, as they were in the 
first days of sound, picture and sound are 
media 


again on separate he separate 
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magnetic 3-track reproducers and _ selsyn 


sync control systems now used in stereo 


sound are certainly a far cry from the 
phonograph and disk record used in the 
Nonetheless, looked 


upon as an added complexity in the pro- 


twenties they are 
jection booth, and at that, but a stopgap 
measure. Just how soon « omposite picture 
and stereo sound will be generally available 
point, but it 


is anyone’s guess at this 


certainly looms as an early eventuality. 


The August 13, 
CinemaScope’s 


1953, demonstration of 


composite picture and 


stereo sound undoubtedly lends weight to 
the notion that the single-film system is, 
at any rate, technically feasible right now 

This places the exhibitor in somewhat 
Should he buy dual-film stereo 


hold off 


equipment are 


of a spot 


sound equipment now ofr until 


single-film features and 


available? 

It would appear that the exhibitor would 
have to consider three factors before 
making his decision: 

(1) the effect of 3-D sound on boxoffice 
receipts, 

(2) the 


scheduled — for 


number of dual-film features 


production and _ release, 
i.e., pay-off time, 
which 


(3) amount of first equipment 


could be converted for use with final 
equipment 

Estimates on the latter two factors are 
available. John Hilliard, Chairman of the 
Sound Committee, conducted an informal 
Hollywood studios the first 
that 


features are in 


survey of the 


week of August which revealed 


dual-film 
production or in the planning stage \ 


roughly 40 


recent conference of East Coast engineers 
and exhibitors estimated that about 75% 
of initial investment in stereo sound equip- 
ment (amplifiers, speakers, etc.) could be 
conversion to a 


used directly in a later 


single-film system 


Status of the Theater-Screen Survey 


I heater 


1953 was 


The survey initiated by the 


Engineering Committee in May 





Journal \t 


this writing some eight thousand question- 


described in the preceding 
naires have been distributed with but 250 


returned At least twice this number of 


returns are required before a statistical 


analysis can be made. Since this survey 
can be an important factor in standardizing 
a new aspect ratio, exhibitors are being 
urged to request, fill out and return these 


questionnaires 


Standards 


the old 


its active participation in the new develop- 


The new is based on despite 


ments, the Society is continuing unabated 


its usual standards activity lo this end, 

the Board of Governors, at its July meeting, 

approved 11 reaflirmations and two 

revisions of existing standards: 
Reaflirmations PH22.27, 37, 46, 
47, 60. 62. 65. 66. Z 69 

and 70 

PH22.43 and 44 


have 


Revisions 
These standards been sub- 
mitted to the Photographic Standards 
Board of the ASA and will in all likelihood 


be given formal ASA approval within the 


since 


next two months 


In addition the following projects are 


in the works 


Southwest Subsection 


hilm Projection 
drawal or revision of American Standard 
PH22.28-1946, Projection Rooms 
Theater, SMPTE 628 
Votion Pictures Ce 
withdrawal of American Standard 
PH22.54, 16mm Travel Ghost Test Film, 
SMPTE 611; and revision of two American 
Standards Prize. 15, Film Per- 
One dee Usage in Camera, 
518, 614; and PH22.16, 
One Edge Usage in 
519, 615 


Practice Committee: with- 
and 
Lenses for 


mornrtt 
nrmniilee 


lOomm v 1 Sym 


16mm 
forated 
SMPTI 
Film Perforated 
Projector, SMPTI 
Sound Commattee: 


lomm 


four proposed American 
Standards SMPTE 617, 35mm 3-Track 
Magnetic Flutter Test Film; SMPTE 618, 
Azimuth Alignment Test Film for 
3-Track With Magnetic Coating 
PH22.88, Dimensions for Magnetic Coat 
ing on 8mm Motion Picture Film, SMPTI 
624; and SMPTE 626, Magnetic 
on 16mm _ Film Perforated 
And revision of three 
ards PH22.42, 16mm Sound Focusing 
Pest Film, SMPTE 622; PH22.45, 16mm 
400 Cycle Signal Level Test Film, SMPTI 
623; and PH22.57, 16mm Track 
Fest Film, SMPTE 621 

of the above proposals 


Henry hogel, 


35mm 


Film 


Coating 
Edy S 
American Stand- 


Iwo 


Buzz 


Copies of any 
are available upon request 


Staff Engineer 


Meeting 





\ successful meeting of the Subsection was 
May 20 at the Beard & Stone 
Electric auditorium in Dallas 
The membership of the North ‘Texas 
section of COMP were invited to meet 


held on 
Company 


with us to hear Herbert Barnett’s speech 
to the Western 


convention However, 


Pennsylvania exhibitors 
COMPO 
Waco 


victims the same evening so we had only 


had a 


benefit barbecue for the tornado 
two guests 

Phere were 18 people present including 
Gardenhire who has come about 
©’ Donnell, 
every meeting we have had except the one 
of last November 


too “iced-up” for 


Hervey 


300) miles from lexas, for 


when the roads were 
travel: also there were 
Austin 


Mr. Barnett’s paper was read by 


members from San Antonio and 


pro- 


Millet 


Howard 


and subsection 
read W \ 


paper 


gram chairman I. L. 
Bruce 
Angeles 

Video 


: p 
Program 


chairman 
Palmer's Los convention 
“Closed Circuit 
Fine Music 

There 
of meetings held thus far by the Subsection 
committee composed of Hugh 


Oakleigh Hill and A. B 


Chapman was appointed to draft a letter to 


Recording for 
was some discussion on the type 


and a 
Jamieson, Sr., J 


the Southwest Subsection membership, ask- 


inv theu prelerenc © as to program Wia- 
terial, meeting places and choices of days 
of the week It was hoped that informa- 
tion in response to this inquiry would be 
on hand in time to be of use in planning 
Hugh Jan ieson Ji 

Southwest Subsec- 


Dallas 4 


the first Fall meeting 
-l reasurer, 
3825 Bryan St 


Secretary 


tion lexas 
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Central Section Meetings 





Following the May 1 
June Journal, the 


held two more 


meeting described 
Section 
May 2 


unprecedented 


in the Central 


soon meetings on 
ind June 11 
total of three meetings 
weeks The May 
Western Society ol 
drew about 220 for an evening 


Those 


cribed as the 


making an 
taking place in as 
he ld 


Engineers 


many mecting 
ats the 
ic Avo 
attending saw what 
first industrial 3-D 
Pa ha , fhe lhird 
Academy Film Productions 


dealing with the 


tereoscopy 
W A cle 
film to be made 
Dimer ’ by 
Ine Chicago manutac- 


ture of corrugated cartons C;uests from 
the Northern Illinois College of Optometry 
were also on hand at this meeting to hear 
im interesting paper on 
Beneficial Effects of Properly Produced 
Projected and Vie wed Stereoscopic Motion 
Pictures on Binocular Visual Performances 
by R. A. Sherman, of Bausch & 
()ptical Co Rochester N.Y 
had attracted considerable 
tion a Angeles ¢ 


first presented 


and provocative 


Lomb 
This paper 
already atten- 


t the Los mvention, where 


it was It was plain from 


Pacific Coast Section 


-Disa 
likely 


that additional papers on this subject will 


the success of this meeting that 


prime attention-getter and it 1s 
be presented in the Fall 

The meeting on 
the Caco. W 
Chicago Mi 


describing the 


held at 


Laboratory, Ine 


June 11° was 
Colburn 

Colburn gave a 
that has 
SMPTE 


light cuing 


report 
progress been 
accomplished in applying the 
proposed standard for printer 
and a 


RYB 


trans- 


of 16mm = motion-picture films; 


Yuhl on the 


lightweight 


paper by Edward 
‘Wireless Mike.” a 
microphone was 


\bout 


Ww hic h 


presented by 
125 attended 


with a 


mitting 
Henry Ushijima 
this meeting concluded 


tour of the Colburn Laboratory facilities, 
and refreshments 

dates for the Fall 
have been set for September 11 
at Dayton, Ohio October 15, No- 
vember 12 and December 10, at Chicago 
Jame L Wassell 
Central Section, 247 I 


Chicago 11 


lentative meeting 
Season 


and 


Secretary- Treasurer, 
Ontario St 


Meetings 





Under the direction of Herbert Farmer 
Faculty Advisor and Acting Head of the 
Department, and Kenneth Miura, Chair- 
Student SMPTE, the 


meeting of the Section 


man of the Section 
fifth Pacitic Coast 
of the SMPTE was held at the Department 
of Cinema, University of Southern Cali- 


May 19, 


members and guests had dinner 


fornia, on 1953 
Society 
on the campus, followed by a presentation 


of short papers and demonstrations of 


motion-picture productions and spec ial 


projects presently under way at the 
campus 
The program opened with a recent short 
made by the 
Following this, 
The Scope ot 


Colleges 


motion-picture production 
Department of Cinema 

Richard Poliste1 
Motion-Picture 


and Universities,” 


spoke on 
Production in 


reviewing the technical 


progress of production units in various 


universities and colleges throughout the 
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Rose, Director of 
Department 
Nudience 


descr ibed 


country Nicholas 
Research in the then spoke 
on “Analysis of Reactions and 
Behaviors.” He 


techniques for studying audience behavior 


systematic 
in the evaluation of film effectiveness, and 
development in the Re- 
Depart- 


explained thei 
search Division of the Cinema 
ment \ film demonstration of the various 

used was shown “Uses of 
Silhouette Special Effects” was the subject 
explored by William Mehring 


and 


proc esses 


Instructor 


in Cinema, covered a new motion- 


picture technique which has become a 
worthwhile classroom tool in the study of 
problems \ review of the 
activities of the Department 
Wilbur T. Blume 
of Productions, with accompanying screen 


The 


meeting was followed by an open house of 


directional 
produc tion 


was given by Director 


excerpts from recent films formal 


the Department of Cinema 





meeting, the last before 
Pacitic Coast 
Section enjoyed an evening at NBC, 
Burbank, on NBC's new 


and modern plant is located on a 48-acre 


For the June 


the summer vacation, the 
June 23, 1953 
property which provides considerable space 
for future expansion Iwo large audience 
studios are already completed, and there 
are two large rehearsal halls and a modern 
containing 

Due to 


Production Services building 


several interesting innovations 
the broad interest of this program, members 
were invited to bring guests, resulting in 
the second largest meeting of the year 
with 460 in attendance 


‘ 
Operations Manager 


Network 


welcomed the group 


Saxton echnical 
and exhibited a 35mm kinescope recording 
\ New 35mm Single Film System Kine- 


scope Recording Camera” was described 


by Ralph I 
Supervisor The first 


Lovell, Kinescope Recording 
production model 
many interesting 
Adams, Technical 
Operations spoke on Tec h- 
nical Operating Facilities of the Burbank 
Studios,” 


interlocking, automatic and interconnecting 


containing 
Marvyn S. 
Super visor, 


was shown 


features 


describing many of the special 


features which have been provided to 
meet present needs and to provide maxi- 
future 
r'V unit for audience 
Special fea- 
tures of ‘“‘Staging Services at the Burbank 
Studios” described bv R Don 


Thompson, Manager of ‘Television Staging 


mum flexibility for requirements 
\ large screen theater 


viewing was demonstrated 
were 


()perations 

\ tour of the entire NBC installation in 
Burbank followed the formal program 
Philip G. Caldwell, ABC 
Hollywood 27, Calif 


lelevision Cente 


Photographic Technology and BS Degrees 





The Department of Photogravhic ‘Tech- 
Rochester Institute of 
built up a considerable 

1930 


nology at the 
Pechnology has 
reputation since it was founded in 
and at the present time stands high among 


kind 


Processes of Color 


schools of this Two-year courses 


including Photography 
Associate in 


New York 


approved 


are available, leading to the 

Applied Science degree The 
State Board of Regents has 
plans which the Institute expects to have 


Journals in Two Parts 


in effect so that students entering this 


Fall can begin study toward a bachelorat 
degree Of about 100 students graduated 
a careel im some 


work So far 


yearly, several begin 


phase of motion-picture 


there have been no specific courses in 


motion-picture photography available, but 


tentative plans are being made to in- 


corporate a major course in this field a 


year from now 





Part II of this Journal has the complete roster of the papers from the Screen Bright- 


ness Symposium held at the recent Los Angeles Convention 


Reprint coples of this 


symposium are available from Society headquarters at $1.00 each 
Next month’s Journal will also have a Part II, comprised of all those Los Angeles 


Convention manuscripts now available and having to do with stereophonic principles 


and equipment 


principles of auditory perspective, reprinted from a symposium in 


April 1934 and Electrical Engineering for 


Technical Journal for 


copies of this material are expected to be available 


\lso included are three articles about basic development and the 


the Bell S) tem 


January 1934. Single 


at $1.00 each 





Book Reviews 





The Science of Color 

Committee on Colorimetry of the Optical 
America, I \ (C‘hair- 
Published 1953 by Thomas Y 
Crowell, 342 Fourth Ave New York 16 


4. references + 


i-xit + 340 pp } > pp 


Society of Jones 


man 


3, pp. glossary-index 102 
40 table 102 illu x 


S700 


color plates + 


10 in Price 


The information contained in The 
Science of Color is 
which the 
field should 
book is highly 
study and research work 

The Science f Color can be 
three 


background information 


good color technologist in any 


have For this reason, the 


recommended for graduate 


divided 


roughly into veneral sectunons 


physical psychophysical and — psycho- 


logical Iwo chapter are de voted to 


physical information (ne discusses 
and its measurement and 


as it strikes 


radiant energy 
describes the behavior of light 


matter and is transmitted or absorbed 
I his type ol information is useful in under- 
standing how light is modified by selected 
absorption and thereby becomes colored 
Another « hapter is devoted to the anatomy 
of the eye 


I his 


construction of the eye 


and physiology of color vision 


chapter gives a description of the 


and its various 


component parts and is useful in under- 
standing the perception of color 
color 


The psychophysical aspects of 


involve the measurement of the color 
light in 
effect the 
Three 


extensive 


properties of an object and of 


order to determine the color 


light will have upon an observer 
devoted to this 


It is by the 


chapters are 
methods of measure- 
that the 


engineer is able to evaluate the color of 


subye ct 


ment described in this section 


objects he fabricates 


In the psy¢ holowt al section, one chapter 


is cle voted to the sensory aspec ts ot color 


and discusses such things as after-images 


and color discrimination \mong many 


other facts it 1s 


that 


interesting pointed out 


children 
] 


color discrimination = in 


improves rapidly up to the age of 25 years 


and is followed by a vradual falling off 


which becomes more pronounced around 
the age of 65 Another chapter is devoted 
to the perceptual and affective aspects of 


color. One of the many subjects discussed 
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here is the mode of appearance, and we 


learn for instance that when an artist 


partially closes his eyes to evaluate color 
better he is 


perception endeavoring to 


color from 
effect 


appearance from 


separate object perception 


and is in changing the mode of 


a surface color to a film 
color Also in this chapter we learn that 
n motion pictures the *“‘mood” of a story 


can be maintained for a long sequence 


simply by continuing the dominant color. 
The book is unique in that it includes a 

glossary index in which a large number 

defined and reference 


bn 10k 


of color terms are 


given to sections of the where the 
subjec t is discussed 

The technologist or engineer who in his 
daily work is handling materials to produce 
pleasing colors may be disappointed in 
the book in that it does not deal with the 
When an engineer 
likely to think 


of the limited aspects of producing colored 


technology of color 


thinks of color, he is very 


films, colored television screens or colored 


objects —which is color technology \c- 
tually the science of color embraces a large 
number of fields and consists of all knowl- 
edge concerning the production of color 
stimuli and their 


be 0k 


aspects. If the engineer 


visual perception The 


quite properly includes all these 
reads this book 
with the idea of getting background 
knowledge in order to understand better 
many of the color phenomena which arise 
daily work, he will find it 
while I I. Stearn American 


Calco Chemical Div 


in his well 
worth 
Cyanamid Co 


Bouhd Brook, N.J 


*“Color”’ 


From Germany comes an announcement 
entitled Color. to be 


concerned with all aspects of color photog- 


of a new journal 
and its 


The Board 


of Editors includes some of the foremost 


raphy, colored light, color v sion 


testing and color sensitometry 


authorities in Germany, such as Manfred 
Richter, E. Engelking, A. Kohlrausch, 
S. Rosch and J. Eggert The 
is to 
780 


information can be 


journal 
numbers at 
Full 


from the 


appear in occasional 


German marks per number 
obtained 
Wissenschaften 


Wiesbaden 


Verlag fur angewandte 


G.m.b.H., Rheinstrasse 7‘ 
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SMPTE Officers and Committees: ‘The roster of Society Officers and the 


Committee Chairmen and Members were published in the April Journal. 











Chemical Corner 





Edited by M. I if I P I 
to Societ nead rm iT 


Irving 
be sent the 
Editor 


are 


assumes responsibility > validit 


in 


intended as suggestions for 


The 
By ve loping 


Color 
Ma 


constructed 


German Developing nion 
Machines 

chine 
for both the new nevative positive color 
processes and black-and-white is a low-cost 
of 
twice the footage olf our previous mac hines 


Of duplex desig 


machine reported capable turning out 


m,itcan be had with 35mm 


lomm on each 
[hie 
ind the 


rollers 


a the rmoplasti 


1 combination of 
thie 


or side o1 
mechanism 1s at 
filim 1s 
The 


material 


these drive 


transported by 
lined 
which ts 
the 
ot 
exchangers 
Ihe 
Poplar 


bottom 


friction tanks are with 
com- 
pletely noncorrosive strongest 
bleach The 
is controlled 
in the tanks 
Movie Technicians 


Hackensack N J 


in 
temperature the solutions 


by heat located 


agents are 


Ave 


themselves 


Patent 
makes 


an- 


US 
2 611 


( laims 


Regeneration of Ferri- 

cyanide Bleach Baths 699 
for 

conversion by bromine 


the 


ot the 
ferrocyanide back 
1 also 


thie 


other sche 
ol 


cvaniae 


Irie 


to active ferri- 


supplies additional 
The 


required Quantity as 
the ot 


irie 
bromide bromine. is 


added 


mined 


in process 


im the deter- 


by analysis in form a hypo- 


bromite or of a bromat« 


With 


Increase 


the recent 


the 


Hazardous Chemicals 
in Photography in 
chemical activity 


the motion-picture laboratory arising 


3-1) and other new 
article the Britis! 


ctober & 1952 pp sK0) 


in 


from color processes 


Journal of 
81 


a timely in 
P/ / raphy 


cle with 


bye 


chemicals that 
Alle reic 
{ 


veloping and 


als dangerous may 


encountered in photography 
salts. cde 


specially the 


reaction to chrome 


cleaning agents, ¢ chlorinated 


ones near a glowing cigaret or flame 


hazards are mentioned along with other 


dangers which may be « xpected In experi- 


mental laboratories and darkrooms 


made 
Patent 

ol 
thre 


Sepia Tone Control Claims 
in U.S 
the coldness 


ol 


2,607,686 for controlling 


sepia tone adjustment 


} 
it 


attent 


oratory 


of the 


Practice Committee. S should 


on of Mr 


iggesti 
Neither the 


th 
this 


Ewig Society nor the 


statements contained in column They 


ted persons 


I he 


tone 


bromide content of the de velopet 


I the the 


higher the bromide colder 


Nu 
\na- 


CX- 


At the Naval 
Station it 
1).¢ 
hausted fixer is 
collected tank When. the 


liquid reaches a certain level an electrolytic 


Another Approach to 
Silver Recovery and 
Fixer Rejuvenation costia 


in a storage 


automaticalls 
ithodes collect 


silver recovery unit Is 
len stainless-steel] « 
the treated bath 
the 1 ot 


mixed 


started 


the silver while which is 


he Is 
yor 
20% 


rejuvenated at ate 90 gal 


tested, readjusted and with 


solution \ more comple te ce scrip- 
ot 


raphy 


fresh 
[meri i? 


12. 


tion this given in 


Phot 


process 1s 
December 1952, p 
Mills 111 is a 
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A Transparent Pipe 


cellulose acetate butyrate ranging 


,to 4 
j 


and 1S 


pipe of 
obse rVa- 


to 


im size from in It permit 
highly resi 
Pipe 


cement 


tion ot tant 


attack 


processes 
sectunons 


that 


by chemical solutions 


are omed by a solvent 


produce ‘ i leakproof homoveneous bond 
No threading or special tools are required 
hand 


all 


tubing is 


ind it is cut with a Saw Setups 


bye 


re pe atedly 


and 
The 


( . 
PeCuUire a 


may disinantled components 


used tough 
minimum of 
manufacturer is Elmer | 


North Ashland Ave 


Shatter proot and 
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Mills Corp 2950 
Chic 111 
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Molynanul sa 
molybdenum 
be 


to v a 


A Greaseless Grease 
di- 
sulfide enamel which can brushed on 

thin 
hard 


from a 


on any surlace very 
lubricant It 
asy-feeling 


to a half-thousandth of 


sprayed 


filin puts 4 lustrou 


vre but clean, coating 


fifth an inch thick 
normal clearances 


thie 


I kcept in extreme Cases 


disturbed as final thickness 


the 


need not be 


is no greater than allowance for oil 


applications are numerous and might 


motion- 
I he 
N.Y 


bye lubricant for 


pict 


tigated as a 
filin The 


Company 


nve 
ure Inanulacturer = ts 
Lackrey Southampton 
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New Products 





Further information about these items can be obtained direct from the addresses given As in the 


ise of technical papers, the Society 


The first commercial production in_ the 
LS ot fused 


electronic 


optical-quality quartz in- 


tended for use in computers 


canners, et is announced by Hanovia 
Chemical & Mfg. Co The 
will be manufactured by 


Hillside, N.J., a 


of Hanovia 


new quartz 


Optosil Ine 


newly formed subsidiary 


\ major electronic application of Optosil 


quartz will be for ultrasonic solid delay 


lines whose function is to create a time 


delay of electrical impulses for predeter- 


delay lines, th 


first 


mined periods In such 


electromagnetic waves are converted 
to ultrasonic waves through a piezoelectric 


These 


waves are 


transducer amplitude-modulated 


ultrasonic then passed through 


1 quartz medium, after which they are 


reconverted to an electrical signal whose 


identical with the 
100.000 21 


modulation is input 


Because of the ratio of between 
the velocity of the electromagnetic 


and that of the 


waves 


sonic waves in the quartz 


medium, a significant time delay results 


Relatively 


space can be 


long delay periods in a small 
produced by the use of 
multiple reflection paths (in two or three 


dimensions) within the quartz medium 
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is not responsible for manufacturers’ statements, and publica- 


on of these item does not constitute endorsement ol the produc ts 


In the optical field, the new company 


will be prepared to supply the require- 


ments of a variety of laboratory and com- 


mercial needs to which optical-quality 


Among these are 
flats, 
lenses which operate under conditions of 


heat shock 


must 


fused quartz is suited 


precision lenses opt al proyection 


vreat and thermal and any 


optical equipment which transmit 


a high degree of ultraviolet radiation 


An electric film timer, tradenamed the 
marketed 
1845 Broad- 
N.Y for use in 


dubbing, 


Clamart, has been designed and 
by The Camera Mart, Inc 
New York 23 


motuon-picture 


way 
editing, narra- 
tion, script timing and commenting The 
time in 


total 


unit will read elapsed minutes 


and tenths and will record footage 


film 
wired to the projector 


for 16mm or 35mm motion-picture 


The timer may be 


or recorder to start automatically, or may 


be used independently It may be started 
and stopped any number of times, and the 
time or footage indicators may be reset 
The mechanism is removable 
rack 
high 
weight 4 Ib 


either 


separately 


from the chassis for mounting in a 


assembly Dimensions are 4} in 


by 43 in. wide by 7} in. long 


\ combination timer for 16mm or 


footage with time indicator Is 
$125 \ 
and 35mm footage counter is also priced 


at $125 \ 


footage counter sells for $75 


35mm 


priced at combination 16mm 


single 16mm_ o1 35mm 





A new filter alignment and cooling mecha- 
nism has just been put into production 
by the Drive-In Theatre Mfg. Co.. Division 
of DIT-MCQ. Inc... 505 W Ninth St 
Kansas City 5, Mo The metal housing is 
designed to be mounted permanently at 
the porthole The dimensions of the 
entering and leaving sides are sufficient 
to accept the wide projection beam of 
CinemaScope and Cinerama The depth 
is such that it will not interfere with the 

projector, even at extreme angles, or with r 


large magazines The top plate of the 





housing is flat for blower mounting, and 


the bottom plate is sloped down at a 


25° angle, to accept projection beams up 


to this angle. Where the need is for a 
greater pitch, any angle can be made 
S n 
The blower ha a capacity ot | ) cfm alignment of the filter it can hye perma- 
» 3050- 
with rpm motor Phe duct and nently locked to that) alignment The 


spreader are metal, and the spreader is 


eight adjustments for the filter are in and 
designed to distribute air over the entire out; up and down; top or bottom in and 
surface of the filter The framing mecha- out at angles: right and left angles to 


nism is designed so that, after prope horizontal 


Employment Service 


These notices are published for the service of the membership and the field 


three months, and there is no charge to the member 


Positions Wanted Positions Available 


Experienced motion-picture production Wanted: Optical Engineer for permanent 
man desires connection with film company position with manufacturer of a wide 
as producer-director or production man- variety of optics including camera objec- 
ager During past 12° yrs experience tives, projector, microscope and _ telescope 
includes directing, photographing, editing optics, et Position involves design, de- 
recording and processing half-million feet velopment and production engineering. 
finished film, including educational films Send résumé of training and experience to 
industrials, I'V spots, package shows for Simpson Optical Mfg. Co., 3200 W. Carroll 
IV and experimental films University Ave., Chicago 24, Ill 

graduate, married, twenty-nine years old; 
good references Locate anywhere conti- 
nental U.S Write Victor Duncan, 8715 
Rexford Drive, Dailas 9, Tex 


Wanted: Personnel to fill the 4 classifica- 
tions listed below, by the Employment 
Office, Atten: EWACER, Wright-Patter- 


. ‘ a: ’ son Air Force Base, Ohio: 
Film Production Use: Experienced in 


writing, directing, editing, phetographky; 

currently in charge of public relations Film Editor, GS-9: Must have 5. yrs 
sales ind training film production for experience in one or more phases of motion- 
industrial organization Solid film and picture production Experience must 
IV background, capable administrator include at least 1} yrs. motion-picture 
creative ability, degree References and film editing with responsibility for syn- 
resume upon request. Write FPF, Room chronization of picture, narration, dia- 
704, 342 Madison Ave New York 17, logue, background music, sound effects, 
N.Y titles, etc $5060 yr. 





Photographic Processing Technician 
Color) GS-7: 6 yrs 


experience in 


progressively re- 
ponsible motion-picture 
photography and/or photographic labora- 
tory work, involving essential operation 
of film 


this experience 


processing kighteen months of 
must have involved proc- 
essing of color film. $4205 yr 

Processing Technician 


GS-7: 6 yrs 


Photographic 
Black-and-White } 


pro- 


Meetings 


gressively responsible experience in motion- 
picture photography and /or photographic 
laboratory work, involving essential opera- 
tion of film processing $4205 vi 

Photographic Processing Technician 
Black-and-White) GS-5; 2) yrs 


gressively responsible experience in motion- 


pro- 


picture photography and/or photographic 
laboratory work, involving essential opera- 


tion of film processing. $3410 yr. 





Society of Motion Picture and ‘Television Engineers, Central Section Meeting, Sept. 11 


Iiuminating Engineering Society 
The Royal Photographic 


National Electronics Conference 


National 


tentative), WLW-D,. Dayton, Ohio 


Sept 14.18, Hotel 
New York, N x 


Technical Conference, 
Commodore 


Society’s Centenary, International Conference on the Science 
and \pplic ations ot Photography, Sept 
9th Annual Conference, Sept. 28-30 


19-25, London, England 


Hotel Sherman, 
Chicago 


74th Semiannual Convention of the SMPTE, Oct. 5 9, Hotel Statler, New York 


Audio Engineering Society, Fifth Annual 


Society of Motion Picture and Television 
Lheatre 
with Theatre Equipment Dealers 

dct 


Pheatre Owners of America 
National Electrical Manufacturers 


Society of Motion Picture and Television 


The American Society of Mechanical 


Society of Motion Picture and ‘Television 


American Institute of Electrical Engineers 


National Electrical Manufacturers Assn 


Optical Society of America, Mar. 25 27 


Convention, Oct. 14-17 
I.ngineers 


Equipment and Supply Manufacturers’ 
Association and Theatre Owners of America 


Annual Convention and Trade Show, Noy. 1 


Association, Nov. 9 


I nyimeers, 


Mar. 8-11, 


Hotel New Yorker 
New York, N.Y. 


Central Section Meeting, Oct. 15 
(tentative ), Chicago, Ill 


Association Convention (in conjunction 


Nov. 4, Conrad Hilton Hotel, Chicago, Il 
5, Chicago, Il. 


12, Haddon Hall Hotel, Atlantic 
City, N.J. 


Engineers, Central Section Meeting, Nov. 12 


(tentative ), Chicago, Ill 


Meeting, Nov. 29 Dec. 4, 
Statler Hotel, N.Y 


Annual 


Engineers, Central Section Meeting, Dec. 10 


(tentative ), Chicago, Ill. 


Winter General Meeting, Jan. 18-22, 1954, 


New York 
Beach Hotel, 
Chicago, Ill 


Edgewater 


1954, 


1954, New York 


75th Semiannual Convention of the SMPTE, May 3 7, 1954, Hotel Statler, Washington 
76th Semiannual Conveation of the SMPTE, Oct. 18 22, 1954 (next year), Ambassador 


Hotel, Los Angeles 


77th Semiannual Convention of the SMPTE, Apr. 17 22, 1955, Drake Hotel, Chicago 
78th Semiannual Convention of the SMPTE, Oct. 3 7, 1955, Lake Placid Club, Essex 


County, N.Y. 


The Seventh Congress of the International Scientific Film Association will be held 


September 18-27 in the 
\ Scientific Film Festival will be 


National Film Theatre and Royal Festival Hall 
he ld and 
Permanent Committees on Medical. Research 


London S. E. 1 
held by the 
There 


in addition, meetings will be 
lechnical and Industrial Films 


will be special sessions on the technique and application of films in medicine 
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Foreword 


Screen Brightness Symposium 


By W. W. L¢ IZIER, Chairman, 


ry 

Rie FOLLOWING five papers were 
presented at the Los Angeles Convention 
of the Society this vear as the second of a 
series ol sponsored and ar- 
screen 


symposia 
ranged by the Brightness Com- 
mittee The first symposium was held 
just two years earlier, at the Spring 


in New York. 


the September 


Convention of the Society 
and was published in 
1951 Journa 

For many years your Screen Brightness 
Committee has been urging members of 
the SMPTE and the companies and or- 
ganizations with which they are afhliated 
o contribute fundamental information 
on the problems of viewing projected 
pictures. Surprisingly little published 
information is available for the guidance 
and many 


tabled for lack of 


Especially has the Com- 


ol enginecring committees, 


questions must be 
pertinent data 
mittee urged that private research on 
subjects having any bearing on the prob- 
lems of projected pictures be reviewed 
with the intent to whenevet 


publish 
possible In several cases this policy 
has already furnished us with a number 
of excellent papers 

One very important aspect of motion- 
picture measurement 
of the 
rank ] 


which promises to be of great usefulness 


proyection 1S the 
screen brightness 


Phe paper by 


Crandell describes a new mete 


for measurement of the brightness of all 


types of motion-picture screens, making it 
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Committee 


a simple matter to read or record the 
brightness of any portion ol the motion- 
picture screen from any part of the 
theater 


Holloway. 


Lozier 


R. M 


repo is on 


Phe paper by F. P 
Bushong and W. W 
the capabilities of a number of combina- 
and — standard 


tions of experimental 


carbons and lamps for 
Reference is 


made to the newer motion-picture de- 


proyec Lol pro- 


jecuon of motion pictures 
velopments, such as outdoor theaters, 


three-dimensional motion pictures and 
wide theater screens 
The Screen 


especially grateful to the Eastman Kodak 


Brightness Committee is 


Company for releasing the results of three 
investigations all originated to answet 
specific internal questions, but released 
usefully advance the art of 


Phe 


especially important to us today, when 


because they 


projected pictures information is 


several segments of the industry have 


been inquiring about the effects of 


screen brightness upon quality and seck- 


ing to 
showmanship 


reconcile the requirements of 


with the limitations of 


technical advances 
Phe paper by L. D. Clark examines for 


black-and-white photography the re- 


lationship between picture quality and 


screen brightness when each print has 


been especially made for optimum 


quality at the brightness at which it is 
words, if for 


considered In other 
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comparison we should choose a series of 
screen-brightness standards ranging from 
» to BO ft-L, make the 


possible print for each standard, which of 


and then best 


the standards would we choose as Ca- 


pable of producing the best picture 
quality? 

The paper by L. A 
W. F. Stolle has a different objective 


how does the brightness of a laboratory’s 


Armbruster and 


review-room screen influence the quality 


of 16mm Kodachrome prints that labora- 


) 


tory will produce I'wo controls are 


available: the laboratory can advise the 
customer how to expose his original and 
tuming 


the laboratory can choose the 


of its print The resulting prints are 
intercompared and judged for quality 
2 to 45 ft-L, 


and the laboratory opinion of its print 


at screen brightnesses of 


is compared with the results when all 
are viewed at the standard level of 9 to 
14 ft-L. 

The paper by R. L 


the importance of controlling stray light 


Estes ( onsider s 


if the screen illumination is to be used to 


best advantage. Stray light is shown to 


be especially important as screen bright- 


ness is reduced, rapidly reaching the 


point where stray light alone controls 


the quality of the image This work has 
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a two-fold significance, for on the one 


hand several standardizing bodies in 
other countries are proposing for our 
Stray 


consideration limitations on the 


light on projection screens, and on the 
other several recent developments in 
projection practice are currently limited 
to lower brightness levels where stray- 
light control is most important. It is 
that everyone could 


Mr. 


at the Los Angeles meeting of the effects 


most unfortunate 


not see the demonstration by Estes 


of various amounts of stray light on the 
projected picture. ‘This demonstration 
clearly showed the undesirable influence 


on picture quality of more than 0.3% 


stray light 
The 


papers represent only a fine beginning 


Committee believes that these 
The data presented here should be con- 
sidered in the formulation of Engineering 
Committee recommendations and stand- 
ards. The Committee hopes that these 
papers will be followed by many further 
studies on these and related subjects in 
order to enhance still further our knowl- 
edge of the ways of obtaining more 
effective presentation of motion pictures 
In this way, motion-pit ture technology 


can advance soundly. 
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New Photoelectric Brightness 
Spot Meter 


By FRANK F. CRANDELL and KARL FREUND 


A new photoelectric brightness meter covering an angle of only 14° and meas- 
uring brightness from 0.1 ft-L to 1,000,000 ft-L is described. Applications such 
as its use in measuring screen brightness for standard and 3-D projection 


screens are discussed. 


ne FIRST photometer is generally 


attributed to Pierre Bouguer in 1729! 
Fig. 1); 


in 1613 in Antwerp by Francis Aguilon** 


however, in a book published 


more than a hundred years earlier, one 
of the few books incidentally which was 
illustrated by the great Flemish painter 
Peter Paul Rubens, there is portrayed in 
photometric 


one of the illustrations a 


experiment with apparatus nearly identi- 
? 


cal to that described by Bouguer (Fig. 2) 


In the illustration the two cherubs are 
helping the scholar perform the experi- 
ment The light from the single lamp 
comes through the far aperture onto the 
coming from the 


screen The light 


double lamp shines onto the screen 
through the near aperture and the second 
this brighter lamp 


cherub is placing 


farther away from the screen mm ordet 


to produce a spot of equal brightness 


Aguilon’s book also contains the earliest 


Presented on April 29, 1953, at the Society’s 
Frank | 
Crandell (who read the paper) and Karl 
Freund, Photo Research Corp., 127-129 
W. Alameda Ave., Burbank, Calif. 


This paper was received May 20, 


Convention at Los Angeles by 


1953 
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known reference to “‘stereographic pro- 
yee tion.” 
Variations of 
ing”’ 
through the years as the only 


the “brightness match- 


method have been used down 


means ol 
Improve- 


photometric measurement 


ments that increased the ease and ac- 


curacy of the measurement were made 
Ritche in 1826* used a wedge to bring the 
two comparison areas next to each other, 
a requirement for greater accuracy R 
really 


Bunsen in 1843° devised the first 


accurate photometer known as _ the 


“grease spot photometer” which used a 
piece of thin opaque white paper with a 
translucent spot produced by treating 
the paper locally with oil or wax The 


unknown light was placed on one. side 


. Light 
/ Source 


Light 


Source 
W 
/ Translucent 
- 
al en, Paper 


Fig. 1. Pierre Bouguer’s 
photometer, 1729. 
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Fig. 2. 


Photometer illustrated by Peter Paul Rubens in a book by 


Francis Aguilon published in 1613. 


and the comparison lamp 


Adjustment 


of the paper 


on the other was made 


until the seemed to disappeat 


| his took 


the two sides of the paper just matched 


Spotl 


jlace when the brightness on 


In 1889 Lummer and Brodhun®.7.* intro- 


duced their “cube,” composed of two 


right-angle prisms with portions of the 
common face of one prism etched away 


so that a pattern of total-transmitting 


and total-reflecting surfaces was pro- 


duced 
However, all of these are only refine- 
ments of the principle Clearly por- 


Rubens in 1613 They all 


depend on visual matching of two areas 


traved by 


One area is illuminated by the source 


to be measured, the other illuminated 


by the ‘standard source” and a matching 


produced by adjusting the distances and 


making the measurement by use of the 
inverse square law Or the adjustment 
may be made by modifying one beam 


with a wedge, shutter, crossed polarizers, 


variable slit Ol the like, using the degree 
of modification as a measure of the illu- 
mination from the unknown source 

This 
difficult’ the 
color between the 


W hen a ¢ olor 


' 
observers will 


matching becomes increasingly 


greater the difference in 


two light SOUTCEeS 


difference is present dil- 


ferent obtain different 


matching points, and even the same 


observer will obtain’ varying results 
depending on the brightness and colo1 
Lhese 


measure 


of objects just previously viewed 
instruments can be used to 


surface brightness by imaging a small 
portion of the surface to be measured on 


field 


deviations Oo 


one section of the comparison 


However, much greater 
color are encountered in the surfaces of 
objects than those encountered in light 
and it is the exception to find a surface 
that matches the color of the “‘standard 
source’ in the photometer closely enough 
to be at all certain of the “‘matching” 


point 
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Fig. 3. First Spot Meter, a-c powered, weight 25 lb, range 1 to 1000 ft-L. 


The relative sensitivity of the normal 


eye to light of different wavelengths 


has been determined by different 


1931 


Commission on Illumination (ICI) speci- 


many 


workers. In the International 


fied the points on the luminosity curve 


to four significant figures. If a light- 


sensitive instrument is made to match 


this curve in sensitivity it will accurately 
duplicate the response ol the eves ol the 
“standard observer’? and not be limited 
by the need of matching widely different 


colors This has been done with a fair 


degree of accuracy for the barrier photo- 
Viscor’”’ Ol 


this 


cell by covering it with a 


filter The 
sufficient to 


similar sensitivity of 


combination — is measure 
incident light down to a few footcandles 
light, the 


viewing 


and reflected received from 


relatively wide angle of from 


to ]? 


30° . down to a few footlamberts 
Its sensitivity is not sufficient to measure 
brightness over small viewing angles 
or low brightness levels 

Many inquiries have been received by 


Photo Research 


sources such = as 


Corp. from 
the SMPTE 


Brightness Committee. illuminating engi- 


various 
Screen 
manulacturers, au 


neers, television-tube 


Crandell and Freund: 


plane-instrument manufacturers, police 
departments and others regarding an 
instrument that would measure the 
brightness of small areas from a distance 
and still be sensitive enough to read down 
to a few footlamberts or less In view of 


Photo” Research 
decided to look into. the possibility ol 


these inquiries Corp 
developing such an instrument 


hie 


rate optical system with a photomultiplier 


first solution was a rather elabo- 


tube and associated electronic system 


requiring 


_ 


a-c line current to operate and 
25 Ib big ») It 
covered a viewing angle of 1° and meas- 


ured brightness from 1 ft-L to 1000 ft-L 


weighing about 


This was a step in the right direction 
but for most applications a light, port- 
able, self-contained was de- 


sired Dr. William 
Observatories at Mount Wilson had done 


instrument 


sjaum of Palomar 


considerable work on small battery- 


operated circuits for the measurement of 


star brightness $y making the optical 


system more compact and by adapting 


the extremely sensitive stellar-photom- 


eter type of circuit, an instrument was 


developed which measured a wide range 
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Fig. 4. Spectra Brightness Spot Meter, 
weight about 5 lb, no external power re- 
quired, range 0.1 to 1,000,000 ft-L. 


of brightness required no external 


power source and weighed less than 5 Ib 
Phe Spectra Brightness Spot Meter 
as it is called (Fig. 4). is a direct-reading 


instrument with the extremely small 


acceptance angle of only 13 and will 


measure brightness from 0.1 ft-L, up to 
1.000.000) ft-L, LT hie 


CONSISIS ol a 


optical svstem ol 
the meter four-element 
f/1.9 lens in focusing mount which forms 
an image of the region to be measured on 
a reticule in the optical housing A 
circle in the center of this plate indicates 
the exact extent of the area being meas- 
This image is viewed magnified 
\ par- 


ahead of the 


a portion of the 


ured 
through a telescopic eye-piece 
tial reflecting mirror just 
reticule plate reflects 
light downward to the phototube An 
opaque aperture plate is located at the 
above 


focus of this light beam directly 


the phototube This plate excludes all 
light except the portion of the image that 
corresponds to that within the circle 
The light emerging from 
through a_ filter 


cathode of the 


of the reticule 


this aperture passes 
wheel and then onte the 
phototube Che output from the photo- 
tube passes through the resistor selected 
by the range switch (Fig. 5) 
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Fig. 5. Control panel of 
Spectra Brightness Spot Meter. 








Fig. 6. Meter dial showing logarithmic- 


type scale having the same percentage 
accuracy over nearly the entire scale 
length. 


The voltage produced in ghis resistor 
| 


is duplicated with a current amplifica- 


tion of as much as one million times by a 


special electrometer tube —amplifiet 
Chis output current is then read on a 
logarithmic response microammetet 
which is calibrated to read directly the 
brightness of the surface 
viewed (Fig. 6). The scale 
from 1 to 100 ft-L. Range multipliers 
of 0.1, 1, 10, 100, 1000. and 10.000 are 


available on the range switch 


footlambert 
is calibrated 


A locking-type microammeter is used 


so that readings may be held fixed as 


long as desired. This is particularly 
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useful when the meter is hand-held. 
Phe reading is captured by merely push- 
ing and the button on the 
side of the meter case. The reading is 
then retained until the button is again 


depressed. 


releasing 


When scanning with the instrument on 
a tripod the meter can be made to read 
continuously by merely depressing and 
then turning the button. The logarith- 
mic scale makes the percentage accuracy 
approximately uniform over the entire 
is better 
the 


length of the scale. Accuracy 


than five percent of reading over 


entire range of sensitivity and is main- 


tained throughout the life of the batteries. 

A six-position filter wheel is incorpo- 
rated in the instrument and is controlled 
by a knob located on top of the case 
(Fig. 7). The which 


accuracy with 





VIS: BRIGHTNESS 
ashy teal 


T 
cLOstom ' J 


j 


VIS. Rt0—” 
' — 
Vis. BLUE 


FILTER SELECTOR 
ieenernnteeneepemeetannene ee 


Fig. 7. Filter control knob on top of 
instrument. Neon flasher (lower left) 


indicates when instrument is turned on. 


Crandell and Freund: 


instrument matches 
the 


the sensitivity of the 
the ICI 


“visual brightness” position is indicated 


luminosity curve when on 
in Fig. 8 
filter 
from the phototube and is used when 
blue filter 
SENSILIVILY 


The ‘‘closed”’ position of the 


wheel completely excludes light 
instrument. <A 


the 


zeroing the 
approximately matching 
to the ICT blue primary and a red filter 
confining the sensitivity to the red por- 
tion of the [CL red primary fill two of the 


the wheel A 


filter approximately the sensitivity of the 


remaining positions in 


image orthicon and an open position 


that can be used with any external spe- 
filter the filter 
relative red 


cial wheel 


The 


light in different areas can be read with 


completes 
amounts of and blue 
the corresponding filters in position 


With 


whi h 


the addition of an adjustable 
directly in the 
the 


Brightness 


mounts 
the 
Spectra 


Irls, 
lens 
Spot 


Meter can be supplied calibrated as a 


threaded ring in front of 


barrel, the 
direct-reading color-temperature meter 
With the red filter in position, the iris is 
adjusted until the needle of the micro- 
ammeter comes to a red reference mark 
on the scale. The filter wheel is rotated 


to blue and color temperature or color 
blue 


filter 


index is read directly on the 


red index scale By rotating the 


wheel to green the green red color index 
can be read on its corresponding scale 
Where interest is primarily in how color 
films will respond to the light’ rather 
than its visual color, a special model of 
the Spot Meter is available with filters 
matched to the average response of the 

blue-sensitive 
The 
source Whose spectral distribution closely 


blac kbody 


same on both models of the instrument 


red-, green- and poruons 


of color film reading of a light 


approximates a will be the 
but, when light sources that differ widely 
the 


( olor 


from blackbodies are read, two 


models will indicate different in- 
dexes showing that these sources do not 
appear the same to the color film as they 
do to the eve 

A jack is mounted on the right side of 
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600 


LLIMICRONS 


Fig. 8. Spectral response of Spectra Brightness Spot Meter on ‘Visual Brightness’’ 


position as compared with the ICI luminosity curve. 


the instrument where an external meter 
or recorder can be plugged in (Fig. 9). 


\ large: 


which can be plugged to this jack when 


microammeter is available 


vreater accuracy is desired or for more 
rapid reading when two operators are 
available One operator scans the scene 


while the second reads and records the 


results. Where a permanent continuous 
eading is desired, a recorder can_ be 
operated from this same outlet 

with a 
(Fig. 
10 Vhe lens can be focused on objects 


Lhe lens barrel 1S engraved 


footage scale from 5 ft to infinity 
is introduced due 


still closer, but error 
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Where 


highest accuracy is desired, supplemen- 


to the increased focal distance 


tary lenses should be used when reading 
areas Closer than 6 ft. Five supplemen- 
tarv lenses are regularly available and 

order The 


a 5 ft. 


others can be made to 
first covers an area ofl 13 in 
a second covers 1 in. at 40 in., a third 
: i 10 in., 
and the fifth is a four-element supple- 


, in. at 20 in., a fourth in. at 


i 
ro in. 
in front 


mentary lens covering an area of 


in diameter at a little over 2 in 


of the supplementary lens. Brightness 


of a very small area such as luminous 


marking on dials can be thus measured. 
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Fig. 9. Spectra Brightness Spot Meter with external microammeter. 


Fig 11) 


base of the 


Lhe batters 


which fits compactly in the 


component 

instrument is readily accessible and con- 
sists of six Mallory RM-12 I h-s cells, 
two Eveready No. 411 15-v cells, one No 
412 223-v cell, and No. 413 30-s 
cells When _ the Meter is to be 
continuously for periods of 
ition an 


four 
Spot 


used long 


time at a single loe external 


power supply Operating fro 


line current may be used to 


batteri Ss 


speclal interest) to 


\n application of 


this Society, particularly with the present 


tread to wide -D screens and the 


screens, 


IIIS SY 
SIFITIIIIN 
SIFITIIEN 
CIF IYVYY 


7tf 
ertd 


Fig. 10. Focusing mount on pickup lens. 


Antiive >@ 
Hswis010H4 


Fig. 11, Battery compartment as it appears with bottom cover removed. 
Batteries can be lifted out by pulling up on cloth tabs. 
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like, is its use in screen-brightness meas- 
urements. Being small, light and re- 


quiring no external can be 
taken 


that the 
ured from any viewing angle 


power, it 
anywhere in the auditorium so 
screen brightness can be meas- 
The small 
angle of view means that not only can 
the average brightness be read from each 
light re- 


angle but the evenness of the 


flected in that direction over the screen 


area can be measured If a patch of 


known reflectance and color of sufficient 
size to fill the angle of view of the Spot 
Meter is placed against the screen the 
footcandle level of illumination produced 
by the screen can be 
read. By 


standard 


projector at the 
the readings of 
that of the 


comparing 


this patch with 


measured through each of the 
filters, the 


the screen and amount of color modifica- 


screen 


primary color reflectance of 


tion produced by the screen can be 
measured 
A great many uses for the meter have 


already been suggested by the illuminat- 


ing engineers, photographers and others 


used it. Doubtless many 
added 
comes into more general use, for it is 
the — first 

{ 


measuring the brightness of small areas. 


who have 


more will be when the mete 


commercial instrument for 


with the errors inherent in visual 


methods eliminated 
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Discussion 
Can the meter be used to measure 
the brightness of light sources? 

Ur. Crandell 


compared by measuring how much of the 


Anon: 
I'wo light sources can be 
light from each is reflected by any diffuse 


If a mag- 
the re- 


surface at the point in question 
nesium oxide standard is used for 
flecting surface, the meter will read directly 
in footcandles. Such a standard is available 
as an accessory to the meter 
{non: What size is that? 
Vr. Crandell: It's about 2 in 
Secondly, in connection with the 


in diameter 
{non 
use of this meter for 3-D applications, what 
sensitivity of this instrument to 
polarized light? Would it be any different 
from its sensitivity to unpolarized light? 
Vr. Crandell: No, the sensitivity would be 
only very slightly affected by the direction 


is the 


of polarization, since there is one reflection 
within the instrument and the amount of 
that can be measured and correction al- 
lowed for it. But the necessary correction 
would be small 


M. J. Mernch 


meter be used at the screen for measuring 


(Sawyers, Inc.): Can this 
the difference in the illumination of various 
parts of a negative, by a small spot measure- 
ment of that kind? 

Vr. Crandell: You mean with the picture 
on the screen? 

Mr. Mernck: Yes, with the picture on the 
screen and measuring right at the screen. 

Mr. Crandell: Screen-brightness measure- 
ments, of course, are usua!'y done with no 
picture on the screen, to see how even the 
illumination is, not to get readings of por- 
tions of the picture 

Mr. Merrick: Yes, I realize that. I had 
in mind an application that comes up in our 
work quite often where we have need for a 
very small pickup to use right at the screen 

Mr. Crandell: 
enough to the screen so that the 13 


If you can move in close 
accept- 
ance angle will cover only the area desired, 
then it can be done all right. 
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Recent Developments in Carbons for 


Motion-Picture Projection 


By F. P. HOLLOWAY, R. M. BUSHONG and W. W. LOZIER 


Performance data are summarized for various carbon-arc projection-lamp 
systems including carbon combinations commercially available for some years, 
as well as new ones recently introduced and also some experimental carbons 


not yet in use. 


Screen sizes that can be illuminated to various brightness 


leveis are reported for the various carbon combinations both for conventional 


and also for stereoscopic 35mm motion pictures. 


Some consideration is also 


given to the requirements of wide pictures. 


a... ENT deve lopments in the motion- 


field, 


three-dimensional motion pictures, wide- 


ycture such as outdoor theaters, 
| 


screen pie tures and some forms ol theate! 


television have focused attention on 


carbon-are light sources used for pro- 


jection. In some instances, the pro- 


jection light’ requirements have been 


greatly altered compared to conventional 


35mm film projection This paper will 


correlate the projec tion require ments of 
some of these new developments with 
the characteristics of various possible 
carbon-are projection systems, including 
both standard combinations of lamps and 
carbons and also some experimental 
\pril 29, 1953, at the Soci- 
ety’s Convention at Los Angeles, by F. P 


Holloway, R. M. Bushong and W. W 


Lozier (who read the paper 


Presented on 


, Carbon Prod- 
ucts Service Dept., National Carbon Com- 
pany, Div. of Union Carbide and Carbon 
Corp., Fostoria, Ohio 


(This paper was received on May 3, 1953.) 


carbons for which completely suitable 


commercial lamps are not yet available 


published in 1947 in’ this 


\ paper 
Journal’ gave a complete summary .of the 


amount of screen illumination which 


could be obtained with the popular 


combinations of lamps, optical systems 
used for 35mm motion- 


and carbons 


picture = projection The years since 
that earlier report have seen important 
new developments in all aspects of 
mouon-pu ture projec tion systems Lhe 
Hitex 


carbon was introduced in 1949 for use in 


13.6-mm super high-intensity 
rotating-type condenser lamps at 170 to 
180 amp.? Recent 


nessed the introduction of a new 13.6-mm 


months have wit- 


standard high-intensity carbon to re- 
place the former one used in condenser- 
type lamps at 125 to 150 amp \ new 
9-mm Suprex carbon has ex- 
range 


nonrotatung-ty pe 


positive 


tended the and output ol the 


reflector lamp used 
with copper-coated, nonrotating carbons 
A new 7-mm Suprex positive carbon has 


recently made possible increases in effh- 


August 1953 Journal ofthe SMPTE Vol. 61 223 





ciency and light output 


New high-speed 
reflector-ty pe lamps employing rotating 


J-mm and 10-mm positives have been 


marketed and find wide usage. In ad- 
dition to these combinations already in 
commercial there are 


usage, some e€xX- 


perimental possibilities not yet marketed 
Detailed 


some ol 


performance characteristics of 
have 
rhese 
Hitex 


carbons for rotating reflector-ty pe lamps 


these new combinations 


not previously been published 


include new 9-mm and 10-mm 


and new 10-, 11- and 13.6-mm Ultrex 


carbons for use with effective water 
cooling for rotating, reflector-type as well 
is condenser-type lamps 

Phe basic performance data, as well 
as a description of the conditions undet 


which they were obtained. are reported 


These 


screen-light distri- 


in the Appendix to this 


light, 


radiant-energy 


papel! 
include screen 
bution, flux at the film 
aperture and carbon-consumption rates 


at various arc Currents 


Standard 35mm Motion Pictures 


he data of ‘Table IL (see 


have been used to calculate the widths of 


Appendix) 
screens which can be Uluminated to the 
ASA indoor theater brightness standards 
of 9 to 14 ft-L at the center of the screen 
based on the following conditions 

1. A projector shutter of 50°) trans- 
mission 
\ projection-room — port glass of 
90°), transmission 
\ projection screen. of 

Hection factor 

The resultant screen widths are shown in 


Table II 


both al ROO, side-to-« enter screen distri- 


Fig. 1 for the various items of 
bution and also at maximum light No 
allowance has been made for light losses 
that may occur with heat filters which 
a number of items to 


The data 


1 will need to be correspondingly 


may be needed for 
prevent heat-on-film troubles 
of Fig 
altered in case there are any additional 


light losses bevond those assumed For 


example, a 10% loss in light will reduce 


the indicated screen widths about 5% 
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Qn the basis of the light output levels 


reported in this paper, Fig. 1 shows that 


Suprex trims are capable of illuminating 
screens approximately 15 to 28 ft wide 


, and 16 to 30 ft 


at 80%, distribution 


wide at maximum light The rotating- 


type reflector lamps increase 


widths to 22 to 33 and 26 to 37 


these screen 
ft with 
and 


standard carbons 


IS tw 40 and 30 to 47 


approximately 
ft with experi- 


mental carboas. Generally speaking, 


the rotating-type condenser lamps are 


capable of illuminating approximately 


the same width screens as the rotating- 


type reflector lamps 


Outdoor Theaters 


It is obvious from the foregoing dis- 


cussion that under the conditions as- 


sumed, employing a matte screen of 75% 
reflection factor, it is impossible to light 


screens 50 to 70 ft wide, common in 


outdoor theaters, to the standards of 


9to 14 ft-L applicabl 
However 


to indoor theaters 
the screen-brightness require- 
theaters are not as 


ments of outdoor 


precisely known as are those for indoot 


Many 


operating 


theaters successful outdoor 


theaters are with = screen 
brightness substantially lower than those 
Just 


a screen can be illuminated with 


typical of indoor theaters. how 
large 
any given projection system will depend 
on just what level of screen brightness is 
desired The data of Fig. 1 can be 


rendered applicable to lower screen- 


brightness levels by increasing the screen 
width ordinates appropriately corre- 
sponding to the decrease in screen bright- 
For example, increasing the indi- 


while keep- 


ness 
cated screea widths by 50%, 
same, 


ing the picture proportions the 


corresponds to a screen area 2.25 times 
greater, which can be illuminated by the 
1 to a center bright- 


These 


brightness limits: have not been chosen 


combinations of Fig 


ness of 4 to 6.2 ft-L screen- 


because of their ultimate desirability 


for outdoor theaters, for it is certain that 
would result in a 


higher brightness 


better picture, but rather because they 
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i 
af ON wiOTH-FEET 
Fig. 1. Size of screens capable of illumination to indicated screen brightness 
9 14 ft-L or 4 6.2 ft-L)* at center of screen with various projection systems. 


Vot 1. See Table II for details on items 

2. Items 11 to 22 and 24 to 29 may require heat filter and corresponding 
loss of light and decrease in screen width for indicated screen brightness 

3. Footlambert values assume: (A) 50% shutter transmission B) 90% 


projection port glass transmission; and (C) diffusing screen of 75% reflection factor 


are in the range being obtained by some components required beyond those for 
outdoor theaters. By increasing the conventional motion-picture projection 


screen widths indicated in Fig. 1 by 5007, — are 


as done on the lower scale of Fig. 1, we | 


Polarizers to polarize the right- 


see that the rotating-tvpe reflector lamps 
= "oS P I and left-eve pictures 


and the rotating-tvpe condenser lamps , 
: : p : . — 2. Metallic-type screen) which will 


can illuminate screens 45 to 70 ft wide 
not depolarize light 
to screen brightnesses in the range of 


Polarized viewers to separate the 
$10 6 ft-L 


right- and left-eye pictures 


Requirements of Three-Dimensional . F 
The reduction in light occasioned by 


Motion Pictures . 
conversion ol any given projection system 

Phe stereoscopic motion pictures of — to. stereoscopic projection will depend 
the type being shown in this country upon the transmission of the added 
employ separate lamps, projectors and — stereoscopic components which in turn 
55mm films for the projection of right- — will depend upon the particular design 
and left-eve pictures each polarized al and technical characteristics of these 
right angles to the other, with reflection components AJ] that can be done in 
from a metallic-type screen and viewing this discussion is to choose typical trans- 
through correspondingly oriented polar- mission values, realizing that these may 
izing viewers The light losses will be altered by future design changes dur- 
depe nd upon the transmission of the ing the evolution of stereoscopie motuon- 


Various stereoscople components The picture proyection 


Holloway, Bushong and Lozier: Carbons 





Present-day polarizing materials are 
reported to have a typical transmission 
1% 
are likewise reported to have a trans- 
80% for light polarized 


parallel to the axes of the spectac les. At 


value of The viewing spectacles 


mission of 


the present time the reflection factor of 


metallic-type screens suitable for stereo- 
scopic motlon-picture projection is more 


uncertain and subject to variation de- 


pending upon the particular type of 


screen employed. It has been a general 


characteristic that’ the metallic-type 


screen has an inverse relation between 


maximum screen reflection factor and 


uniformity of screen brightness over all 
angles of view in the theater. Conse- 
quently, a compromise is chosen between 
high screen reflection factor with undesir- 


able 


hand, and lower screen reflection factor, 


directional variation on the one 


but with better directional character- 


istics, on the other 

\ reflection factor of 1259 % is typical 
for a number of screens which have been 
used for stereoscopi projec tion; that is. 
the reflected screen brightness is 125% 
that of a perfectly diffusing and reflecting 
screen with equal incident illumination 
Combining this screen reflection factor 
with the other components, it is possible 
to ascertain the effect of the stereoscopic 
optical system on the screen brightness 
through the 
this 


as observed spectacles 


The combination of screen with 
the polarizer and the viewing spectacles 
will have an overall transmission of 40% 
1.25 X 6.40 »& 


0.80 0.40) compared 


to the assumed 75% reflection factor for 


the matte screen used for conventional 


projection and for the data of Fig. 1 
The stereoscopic projection components 
therefore reduce the final screen bright- 
ness to a value equal to 53%) (40 divided 
by 75 0.53) of that with the same pro- 
jection system with a matte screen with- 
other 


out stereoscopie accessories In 


words, the stereoscopi accessories in- 


cluding a screen of 125% reflection 
factor reduce the resultant screen bright- 


ness to a value approximately half that 
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for conventional projec tion with the same 
The fact 


jectors are employed for the right- and 


system that separate pro- 
left-eye pictures does not alter the basi 
facts of this analysis, for each projector 
is subjected to this approximately 50% 
loss in brightness and contributes only 
to the brightness and picture observed 


The 


V isible to 


by one eve composite picture 
both still 


equal to that furnished by the individual 


brightness eves is 
projectors to ea¢ h of the observer’s two 
that the 


above conclusions of this analysis will be 


eves It should be realized 


altered in case a screen of other than 


125% reflection factor is employed for 


stereoscopic motion pictures. If, for 


example, efforts to produce screens with 
factor 


higher reflection 


uniformity of brightness over the theater 


with adequate 


viewing angles are successful, then the 


figures of this analysis will be corre- 


spondingly altered 
On the 


clusion that stereoscopi 


basis of the foregoing con- 
projection will 
result in 509% loss in picture brightness, 
one Can estimate the output of light on 
various size screens by simple propor- 
tioning of the screen widths or screen 


Accord- 


screens 


brightnesses shown in Fig. 1 


ingly, the indicated widths of 


could be illuminated to one-half the 


brightness values shown in Fig. 1 
Alternatively, the various systems would 
illuminate screens approximately 70% 
1 to the same 
Sull 


another way of looking at the situation 


of the widths shown in Fig. 
brightness levels employed there 


shows that two projection lamps, each 
having twice the lumen output shown in 
Table [1 for any of the items of Fig. 1 
will be orde1 to 


needed in produce 


equivalent brightness on the same size 


screen with stereos opic projec ‘jon. 


Current practice with — stereoscopic 
motion pictures using a single pair of 
interlocked 


continuous period of operation § desir- 


projectors makes a long 
able in order to minimize interruptions 
for rethreading projectors. Accordingly, 


consideration has been given to operating 
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Fig. 2. Size of stereoscopic screens capable of illumination to 9-14 ft-L 


at center of screen (based on operating conditions producing 1-hr 


minimum continuous operation 


Votes: 


See lable I for details on items. 
Items 5 to 11 may require heat filter and corresponding loss of light 


and decrease in screen width for indicated screen brightness. 


3. Footlambert values assume: (A) 50% shutter transmission ; 


(B) 90% 
/€ 


projection port glass transmission; (C) 40% polarizer transmission; (D) 1254 
screen reflection factor; and (E.) 80% viewer transmission. 


conditions which will permit 1-hr mini- 
mum operation of the projection lamp 
This is usually 


without interruption 


determined by matching the burning 
rate of the positive carbon to the avail- 


able 


permitted by the 


length of positive carbon travel 


lamp. ‘This is, in 


turn, a function of the lamp design and is 


subject to future change with lamp 


modifications now being considered 


The values of positive carbon travel 


listed in ‘Table I are typical of some 
present-day lamps. Ultrex carbons have 


been omitted from this consideration 


because no suitable commercial water- 
cooled lamps are available and, further- 
more, the operating current to produce 
l-hr life would be too far below the nor- 
mal current range for these carbons 


| he are 


trim 


current necessary for each 


carbon to produce the required 
consumption rate to permit 1-hr life car 
be determined from Fig. 4 The screen 
lumen output of the projec tion lamp can 
then be read off at the 


current from Fig. 3 or can be obtained 


indicated ar¢ 


more directly from Fig. 5 for the re- 


Holloway, Bushong and Lozier: 


quired consumption rate, The are 
current, consumption rates and lumen 


l-hr 


time are given in 


minimum operating 
Table I It 
be remembered that these screen lumen 
values of Table I are the full 
output of the projection system undimin- 
film, 


Stereos¢ Opie accessories 


output for 
should 


output 


ished by shutter, filters or any 


A combination 
of these lumen outputs with the trans- 
reflection factors already 


mission and 


described for stereoscopic — projection, 


results in the screen widths which can 
be illuminated to the recommended 9 to 


14 ft-L These 


screen widths have been plotted on Fig 


screen brightness range 


for the various lamps and carbons which 
1-hr Under this 


limitation, the 


permit operation 
re fle ctor- 


One 


nonrotating 
type lamps employing either the 
Kilowatt’ 
tyirns are 


in width The 


or the higher-current Suprex 
limited to screens below 20 ft 
rotating-ty pe reflector 


lamps should be restri ted to screens 


than , it inh 


The 


should 


smaller approximately 


rotating 


width condenser-ty pr 


lamps likewise be limited to 
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Fig. 3. Maximum screen light vs. arc current (see Table II). 


screens approximately 25 ft in width to Removal of the limitation of 1-hi 
maintain recommended brightness It operation would permit the use of all 
should again be remembered that any carbons at their maximum operating 
light losses due to the use of heat filters o1 current listed in ‘Table Il, where = in 
other means of reducing the heat at the each case they would produce at least 
film will make a corresponding reduction 20 min continuous burning and would 
in the indicated screen widths in Fig. 2 project a standard 1800-ft reel This 
For example, a loss of 10%, in light would increase the light from some. of 
would reduce the screen width by ap- the more powerful trims sufficiently to 


proximately 5% permit an increase in screen width of 
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Fig. 4. Positive carbon consumption rate vs. arc current (see Table II). 


make 
available recommended levels of bright- 
fully 30 ft in 


approximately 5 ft and would 


ness for screens width. 


Alternatively, the development ol a 


suitable magazine-type lamp, designed 


for joining of carbons and continuous 
carbon to another, 


burning from one 


may be possible, permitting maximum 
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currents and adequately long burning 


periods 


Wide-Picture Requirements 


Ihe data of this paper are all limited 
to projection from a standard 35mm 
Although 


these data are not directly applicable to 


motion-picture film aperture. 
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other film-aperture sizes and picture 


aspect ratios, rough estimates can be 


made in some instances. For example, 
the outputs of the various 35mm film- 


Table II 


3 may be redistributed by opti- 


projection systems shown in 
and Fig 
cal means over various sizes and shapes 


of film apertures and projection screens 


If this is accomplished with miner or 
Table II 


calculate 


known losses, then the data of 


and Fig. 3 can be used to 


approximately the results expected in 
such particular cases, assuming roughly 
the same lumen output available for 
redistribution 

The data of 


applied to the requirements of Cinema- 


this paper can thus be 
Scope, which employs a standard pro- 
jecuon frame but an 8:3 picture as- 
pect ratio, once the information is known 
on the transmission and reflection of the 
added accessories employed in this wide- 
picture process For example, except 
for the optical losses in the added ana- 
morphoscope lens which functions to 
produce a twofold expansion of picture 
width during projection, this expansion 
twofold increase in 


would produce a 


picture area and a 50%, reduction in the 


available screen brightness obtainable 


with a normal unexpanded — image 


Therefore, the light requirements would 


be double those of conventional 35mm 


pi tures on the Same type ol screen 


Directional-Type Projection Screens 


Reference has been made in a number 


of instances to the eflect of a directional 


screen If suitable — directional-type 


screens of higher reflection factor. with 


adequate uniformity over the audience 


area, can be obtained, these can reduce 


proportionately the lumen output re- 


quired to illuminate a given size ol 


screen to a specified brightness. For 


example, in the case of CinemaScope 


projection, discussed in the preceding 


paragraph, if a directional screen can 


be obtained with twice the reflection 


factor of a normal matte screen, then 


this should approximately 
for the 


compensa tl 


twofold increase in screen area 


produced by the anamorphoscope lens 
and 


of the 


permit) approximate maintenance 


existing screen brightness. with 


approximately the same projection lamp 


APPENDIX 


‘| he 


optical systems and carbons employed 


basic features of the lamps, 
in the tests to be described in this paper 


Table II Whenever 


Same Was 


are shown in 
applicable, the equipment 
used and the same methods of measure- 
ments were employed as in the 1947 
report.' All of the reflectors employed 
were second-surface silvered ellipsoidal 
ones of good quality. In every case the 
performance is typical of high-quality 
optical equipment, carefully adjusted 
and aligned, and light outputs are there- 
fore in the upper range of what would 
generally be prevalent from the same 


equipment in motion-picture theaters 


Table II, 


been 


As noted in screen lumen 


values have measured with no 
shutter, film or filters 


The 


the center of the film aperture was meas- 


flux of radiant energy through 
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ured with a portable-type aperture radia- 
checked in 
with the fundamental! 
Journal.4 


3urning rates will show some variation 


tion meter® calibrated and 


a lew instances 


method described in this 


depending on the type and condition of 
the specific equipment in which the tests 
Table 


II are considered representative average 


are made but the values shown in 


figures. 


Discussion of Data of Table II — 
Reflector-Type Lamps 


The data on the “One Kilowatt” d-« 
trim remains unchanged from that pre- 


viously reported : 


) 


Items 2, 3 and 4 describe the perform- 


ance of a new 7-mm Suprex positive 


carbon recently introduced to replace 


the former carbon in all except fixed- 
One Kilowatt” Items 5, 


ratio lamps 
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Fig. 5. Screen light vs. positive carbon consumption rate (see Table II). 


6 and 7 are unchanged from the formet 


data on the 8-mm = Suprex  trims.! 
Items 8 and 9 report data on a new 9-mm 
Suprex trim introduced about a_ yea 
ago to produce a higher screen illumina- 
tion and better distribution than the 
smaller size Suprex ( arbons 

Items 10 to 13 describe the perform- 
ance of 9-, 10- and 1l-mm_ rotating- 
type positive carbons commercially avail- 
use in the newet 


able for rotaling-type, 


high-speed reflector lamps at currents 
ranging from 75 to 115 amp 

Items 14 to 20 describe new experi- 
mental 9-mm and 10-mm Hitex carbons 
not yet commercially available. ‘These 
are designed to operate at 105 to 135 
amp to produce 25 to 35% more light 
than the standard 9- and 10-mm carbons. 
Due to higher power requirements at 
the higher currents and faster burning 
rates, lamps must be properly designed 


to accommodate these features 


232 


Items 21 and 22 describe the expected 


performance of 10- and 11-mm Ultrex 


carbons designed to be operated with 


short positive carbon protrusion with 


water-cooled jaws to produce crate! 


brightness as high as 1500 c/sq mm 


As previously reported,® 7 these positive 


carbons must be effectively cooled in 
order to realize the highest crater bright- 
Due to the lack of any 


commercial lamp designed to employ 


ness. suitable 


these carbons, their performance has 
been estimated from measurements made 
in an experimental lamp with an experi- 
mental reflector optical system as well as 
from calculations based on crater bright- 
ness 


measurements according to the 


methods described by Jones.*? These 
Ultrex carbons make possible a further 
30% increase in light beyond even the 
experimental Hitex carbon and an in- 
crease of 659% over the presently avail- 


able 9-mm and 10-mm carbons 
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Discussion of Table II — 


Rotating Condenser-Type Lamps 


) ) 
Items J to 


introduced 13 


> describe the recently 


6-mm new high-intensits 


carbon, designed t equal, at the same 


current, the light of the former 125 to 


150-amp carbon but with lower con- 


sumption and less heat at the aperture 
| | 


and able to operate at as high as 160 


amp to produce 107) more light Items 


6 and 27 are the same data as previously 


reported? on the Hitex Super 13.6-mm 
carbon 


) j 


Items 28 and 29 describe the perlorm- 


ance of a 13.6-mm Ultrex experimental 
designed like the 


ll-mm U Itrex 


carbon 10-mm and 
carbons described above. 
for use with short protrusion in water- 
cooled jaws to produce very high crater 
brightness with condenser-type lamps 


Results were 


carbon several vears ago® in a 


reported on this type of 
study of 
its possibilities for motion-picture theater 
and studio 


proyection motron-picture 


This 
90) amp to project 
light 


background projection trim 
makes it possible at 
than 


approximately fy more 


from the 13.6-mm Hitex carbon at its 


InaXimum current 


Discussion of Screen Light 


lable II 


lumens 


Figure 3 shows the data of 


plotted as maximum screen 


versus are current Lo eliminate COn- 


fusion, the data on the condenser-ty pe 
lamps have been plotted separately from 


Re- 


lumen 


those {or reflector-type lamps 


Hector-type lamps produce 


outputs below 15,000 Im as well as above 


Phe condenser-ty pe lamps and trims are 


generally confined to the production 


of lumen outputs above 15,000) Im 


Both types are capable of projecting more 


than 20.000 Im with standard carbons 


and more than 30,000 Im with suitable 


experimental carbons. Sacrifice of some 


portion of the screen light may be neces- 


sary In some cases in order to reduce the 


radiant-energy flux at the film aperture 


to a tolerable level. 
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Discussion of Carbon Burning Rate 


Figure 4 shows the positive carbon 
| 


Table II 


current The 


consumption rate data from 


plotted versus the ar 


data for the condenser lamps, for the 


rotating-type reflector lamps and for the 


nonrotating-type reflector lamps have 


each been plotted separately Figure 4 


is useful in determining maximum cur- 
rents usable for various burning periods, 


such as 1I-hr uninterrupted operation 


presently required for the projection. of 


three-dimensional pictures 


Discussion of Screen Light in Relation 
to Positive Carbon Burning Rate 


bigure 5 combines some of the data of 


Figs. and 4 and plots the maximum 


screen light for each combination and 


operating Current against the corre- 


sponding positive carbon consumption 


rate. Where the burning rates of differ- 


ent size carbons of the same type overlap 


it is to be noted that the larger carbon 


always produces a greater amount of 


screen light for a given positive carbon 


consumption rate Phis is important in 


connection with projection of three- 


dimensional pictures and any other 


application which sets a limit on the 


maximum usable consumption rate; 


for example, at 10 in. hr positive con- 


sumption rate, the 8-mm Suprex carbon 
produces approximately 1007 more light 


‘ 


9-mm, approximately 20°; 


than the 


and the 
more -inm Suprex carbon 
Discussion of Radiant-Energy Flux 
at Film Aperture 


Phe data on radiant-energy flux at the 
film aperture as listed in ‘Table II are not 
as Complete as those for light and con- 
Also, 


be used with some caution 


sumption rate these data must 


particularly 
when comparing values between two 
different types of lamps and optical sys- 


Relative 


different trims and currents employing 


tems comparisons between 


a single lamp and optical system carry 
considerably more reliability than com- 
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Table II. Screen Ilumination with Carbon-Arc 35mm Motion-Picture 


( lal bons 
Positive Negative 


Catalog Catalog Are 
Item I ype No. Type No. amp volts 


Non-rotating, Reflector- Type Lamp “One Kilowatt’? d-c Trin 
| 7mm * 12 0r 14 in. Suprex L0503 0r 6-mm X 9 in Orotip ¢ 1.0563 40 
1.0506 


Vonrotatinge High-Intensity Trims 
2 -mm X 12 or 14 in. New 10521 or 6-mm X 9 in. Orotip C  L0563 
Suprex 1.0525 
mm X 12 or 14 in. New 1.0521 or 6-mm X 9 in. OrotipC  L0563 
Suprex 1.0525 
’-mm 12 or 14 in. New 1.0521 or 6-mm X 9% in. OrotipC L0563 
Suprex 1.0525 
8-mm X 12 0r 14 in. Suprex 10509 or 7-mm X 9 in. Orotip C 1.0566 
1.0512 

8-mm 12 or 14 in. Suprex L0509 or 7-mm X 9 in. OrotipC  L0566 
1.0512 

8-mm 12 or 14.in. Suprex L0509 or 7-mm X 9 in. OrotipC L0566 
1.0512 

8 9-mm 14 in. Suprex 1.0515 8-mm X 9 in. OrotipC L0569 

9 9-mm X 14 in. Suprex L0515 8-mm X 9 in. OrotipC L0569 


Rotating, Reflector- Type Lamps 
10 9-mm 20 in. High-Inten- L0103 ps X 9 in. Orotip 1.1106 
sity 
9-mm X 20 in. High-Inten- L0103 fs * 9 in. Orotip 1106 
sity 
10-mm X 20 in. High-Inten- L0106 io x 9 in. Orotip 1115 
sity 
li-mm 20 in. High-Inten- L0109 9 in. Orotip 1124 
sity 
9-mm X 20 in. Hitex Exper 9 in. Orotip 1124 


9-mm 20 in. Hitex Expe 9 in. Orotip 1124 
9-mm 20 in. Hitex Expe 9 in. Orotip 1124 
10-mm 20 in. Hitex Expe * X 9 in. Orotip 1130 
10-mm 20 in. Hitex Exper. 7 & 9 in. Orotip 

10-mm X 20 in. Hitex Exper. x 9 in. Orotip 

10-mm X 20 in. Hitex Expe } X 9 in. Orotip 


10-mm Ultrex® Expe Exper. 


ll-mm Ultrex'‘ Expe Exper. 
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Film Projection Systems — 0.600 in. < 0.825 in. Aperture. 


Radiant- \pprox 
energy flux carbon 
at center consump 
of film 80% dist Max. light rate, 
Lamp optical aperture’ Screen W/ Screen q 


SVS w/sqmm_ lumens' dist lumens! dist 


5.900 


> murrot r 250 

} mirror ~150 OOO 
4 mirror 5 200 On 
} mirror 300 § 000 
3 mirror 800 2.700 
3 mirror 000 } 4.000 


I murror 2.300 O00 
} mirror ; 800 000 


yin r 3,000 ; 000 

mirror 

16-163 in F RRS 5.000 500 
mirror 

16-165 in d < ; 6.000 20.000 
mirror 

16-163 in . 8.500 
mirror 

16-164 in i : toh ( 500 ; 22 000 
mirror 

16-163 in 
mirrol 

16-163 in 
mirror 

16-163 in ‘ 95 24.000 
mirror 

16-163 in } (21.000 25.500 
mirror 

16-163 in ‘ 5 26.500 
mirror 

16-164 in ‘ ( ) (22.000) ; 27 O00 65 38 


mirror 
Exper. f/2 mirrot 5s (34.000) (60) 45 
Exper. f/2 mirror (28.000) 80 (35.000) (65) 45 


See conclusion of table and notes on following page 
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Table II 


Carbons 
Positive Negative 
Catalog Catalog Are 
Item I ype No I'y pe No. amp. volts 


Condenser-1 ype Lamp 

».6-mm X 22 in. New LO1W5 i¢ * 9 in. Orotip L1130 125 68 
High-Intensity 

}.6-mm in. New 10115 } X 9 in. Orotip 1.1139 150 
High-Intensity 

3.6-mm X 22 in. New 10115 } X 9 in. Orotip 1.1139 160 
High-Intensity 

3.6-mm X 22 in. Hitex L0175 } X 9 in. Orotip 1.1142 
Super Heavy Duty 

3.6-mm 22 Hitex 1.0175 } X 9 in. Orotip 11142 180 
Super Heavy Duty 

3. 6-mm 27 Ultrex' Exper Exper 265 


> 6-mm x ; Ultrex® Exper. Exper. 290 80 


Vole: Values in parentheses are estimated or obtained from limited measurements 

Screen lumen figure is for systems with no shutter, film or filters of any kind; measured with 
-in. bP. f/2.0 and £/1.9 projection lenses 

distribution refers to ratio of light intensity at side of screen to that at the center 
Maximum light is value with system adjusted to produce maximum ligit intensity at the 
center of the screen 

' Radiant-energy flux at the center of the film aperture with the system adjusted to produce 
maximum intensity at the center 

® Radiant-energy flux higher than 0.80 w/sq mm may require the use of a heat filter and/or 


other means to protect the film from the effects of the radiation may result in some loss of 
light 
E.xperimental carbons burned with short protrusion in experimental water-cooled silver jaws. 
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Concl’d. 


Radiant- 
flux 
center 


energy 
at 
of film 8 


Lamp optical aperture® 


SVS WwW sq min 


Condens« 
20 

( ondense 
20 

Condenset 
2 O 
Condense 
frag 
Condens 
f/>e7 vy 
Condens« 
/ » () 

( ondense 


rs? 4 


parisons between different lamps and 


optical where the radiant- 


systems, 
be 


in 


energy flux values ¢ significantls 
affected by the 


of the reflective surface of refectors and 
of the t 


an 
differences nature 
ransmission properties of conden- 
Ser systems 

The spectral reflection and transmis- 
sion characteristics of the optical system 
over the entire spectrum determine the 
radiant-energy flux at the film aperture, 


but only those the visible 


the 


be- 


pertaining to 


portion of the spectrum influence 


ol The 


haviors of different optical materials are 


amount projected light 
their 

ol 
the 


amount of light projected can influence 


often proportionately different: in 


effect on heat and light Also, many 


the factors which can influence 


the radiant-energy flux at the aperture 


differently with one 


projection system 


than another Relative comparisons 


with a single lamp and optical system 


are generally free from such effects 


However, subject to the same restrictions 


the 


and qualifications appropriate 


to 


Holloway, Bushong and Lozier: 


dist 
Screen 


lumens 


O00 


\pprox 

carbon 

consump 

Max 


( 
screen 


‘ 


light 


( 


dist lumens dist 


O00) 


300 »4 


SOM) 


»® OOD 


OOO 44 


OO) 


data on the amount of projected light," 


it is believed that the heat-at-the-film 


values are correspondingly typical for 
the specific equipment employed 

The radiant-energy 
Table IT 1 
against the corresponding arc current 
ol 
level of radiant-energy flux 
the 


ol 
been plotted in big a) 


flux values 


lave 
For a specification the critical 
reference 


black- 


film 


iS 


made to thorough study of 


and-white positive release 
Kolb," 
in-and-out of focus oc asionally may be 


ol 
milli- 


print 


made by who reported that 


obser ved 


0.40 


al proyection ntensitices 


mean net Vall pel square 


meter: and that. bevond an intensity 


of 0.50 mean net watt per square milli- 
meter, in-and-out of focus is almost cer- 
tain to occur within the first five to ten 
ot the 
Since Kolb’s values of mean net flux 


the 


days projection in theater 


are 


determined with shutter running, 


assuming a 50°) shutter, these wil! 


correspond to twice as much flux on the 
of Table II Fig. 6 


measured without shutter 


scale which 


This 


and 


were 
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Fig. 6. Radiant-energy flux at film aperature. 


then puts the threshold for in-and-out of | Nevertheless, the data of Fig. 6 show a 
focus at 0.8 to 1.0 w/sq mm which is remarkably good correlation with ex- 
shown cross-hatched on Fig. 6 periences at large in motion-picture 

It is known". that other factors projection. For example, 7-, 8- and 
besides the intensity of radiant-energy 9-mm Suprex carbons, which are all 
flux, such as the type and. past history below the threshold on Fig. 6, have all 
of the film, affect its behavior during quite generally been free from any 
projection and have an influence on the — heat-on-film problems. The 9- and 
appearance or nonappearance of un- 10-mm_ high-intensity carbons  em- 
desirable effects of the  heat-on-film ployed in the rotating-type reflector 
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lamp have in some cases experienced 
difficulty and in others been free from it 

Passing over to the condenser-ty pe 
lamp, the 13.6-mm_ high-intensity car- 
bons employed in the condenser-type 
lamps have been free from heat-on-film 
problems only in the lower part of the 
current range It has also been quite 
generally recognized that this trim at the 
uppe! part ol its current range and also 
the 13.6-mm Hitex super high-intensity 
carbon must make some provision lo 
protect the film from the effects of radiant 
energy So much then for the facts 
obtained from past motion-picture ex- 
perience, as well as from the direct 
tests of Kolb on this subject. 
this, it is definitely indicated that 


Hitex 


From all 
9- and 
10-mm carbons and the 11-mm 
reflector 
Hitex 


Ultrex 


Ultrex carbon in rotating 


lamps, as well as the 13.6-mm 


super carbon and the 13.6-mm 


carbon in condenser-type lamps, will 


project more radiant-energy flux through 


the aperture than can be accommodated 


by black-and-white film unless _ pre- 


ventive and corrective measures are 
taken. 

It is not the purpose of this paper to 
specify means of protection of the film 
flux, 


It will be pointed out however, that the 


from high levels of radiant-energy 


use of infrared absorbing filters, infrared 
filters, 
and the use of a water-cooled film gate 


reflecting controlled air blast 


have all been claimed to provide some 


10,11,1 Infrared 


protection to the film 
absorbing filters can remove 40%, to 50% 
of the total film 


aperture with an 


radiant energy at the 


accompanying — loss 


r()6 Oe light 4 


of 20% to 25% of the visible 
Some infrared reflecting filters can re- 
duce the total 


30% to 40% 


energy at the aperture 
more than 10% 


Kolb concluded" 


film 


with not 
loss of visible light 

that 
might permit increases of 30% to 60% 


suitable ‘‘air-ccoling”’ of the 


in the safe maximum light intensity 


Multiple usage of more than one of 


these protective measures may be neces- 


Holloway, Bushong and Lozier: 


sary to accommodate the 1.3 to 1.5 .w 


sq mm levels of such extremely bright 


sources as Ultrex carbons 


It should be emphasized that this 


threshold value for in-and-out of focus 


discussed above and shown in Fig. 6 


black-and-white — re- 
recog- 
films, be- 


refers to typical 


lease-print film. It is generally 


nized that dye-image color 


cause of transparency to infrared radia- 
effects of 


blac k-and- 


tion, are less subject to the 


radiant-energy flux than 
white film. 

It should also be recognized that light 
losses due to inefficient or badly adjusted 
optical-system components Or other ele- 
ments of the projection system, which 
below the maxi- 


Table II, 


radiant-energy 


reduce the light level 


mum values shown in will 


often also reduce the 


flux values below those quoted and 


will sometimes render safe an otherwise 
damaging light source [his is doubt- 
less a partial explanation for reported 
instances of freedom from film damage 
currents, which might 
lable I and Fig. 6 


threshold 


with trims and 


be indicated from 


to be above the level for 


trouble 


Necessity of Suitable Lamp and 
Projector Design 


Proper design of lamps and pro- 


jectors 18 essential to the successful 
utilization of experimental carbons such 
as the experimental Hitex and Ultrex 


This 


means suitable provisions must be made 


carbons described in this paper 


to accommodate — the higher powe! 


burning rates 


light 


requirements, the faster 


and the high level of and heat 


4 


output. Close control of arc position,! 
| 


desirable under all conditions, becomes 
essential with very rapid burning rates 
Phe air-blown type of arc, described in 
this Journal in 1950,!° may have impor- 
tant advantages in arc control and per- 


Many of the 


scribed in this paper can be used with 


formance carbons de- 


this type of operation 
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Vote Ihe terms Suprex, Orotip, Hitex, 
Ultrex and National are trade-marks of 
National Carbon Company, a Division of 
Union Carbide and Carbon Corporation 
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Picture Quality of Motion Pictures as a Function 


of Screen Luminance 


By LAWRENCE D. CLARK 


The relationship between the quality of projected motion-picture prints and 


screen luminance has been investigated. 


Optimum prints for each of four 


levels of screen luminance from 2.8 to 81 ft-L were selected from a group of 


prints varying in density and contrast. 


The relative quality of the optimum 


prints evaluated subjectively was found to increase with screen luminance 


until the luminance reached approximately 25 ft-L, and then to decrease at 


the higher screen luminance levels. 


A range of screen luminances from about 


10 to 45 ft-L gave picture quality that was within 10% of the best obtained. 


These results apply when there is no ambient illumination in the projection 


room other than that resulting from projector lens flare and light scattered 


from the screen. 


Warn the introduction of high- 


current carbons which made_ possible 


the projection of motion pictures at 


higher screen luminances than could 
previously be realized, it was considered 
desirable to investigate the effect of these 
higher screen luminances on the charac- 
teristics required for optimum prints and 
on the quality of the projected motion 


There 


questions which should be answered by 


pictures. were three — specific 
such an investigation 
(1) Is there a difference in the density 


and contrast of prints which give opti- 


1556 from the Kodak 


Research Laboratories, 


Communication No 
a paper presented 
on April 29, 1953, at the Society’s Conven- 
Angeles by T. G. Veal for the 
author, Lawrence D. Clark, Kodak Park 
Works, Eastman Kodak Co., Rochester 4, 
N.Y. 


(This paper was received April 11, 1953 


tion at Los 
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mum quality at various screen lumi- 


nances? 
(2) Provided the optimum print is 


made for each screen luminance, 1s 
there a difference in the relative quality 
of the 


prints are shown at the screen 


projected pictures when these 
lumi- 
nances for which each is optimum? 

(3) ‘To what extent is the quality of 
the projected picture affected by the 
screen luminance when the same print is 
shown at various screen luminances? 
(It is assumed that the print has been 
selected as optimum for one of the screen 
luminances at which it is shown.) 


Plan of the Experiment 


To obtain information which would 


provide reliable answers to these three 
questions, the following plan was adopted 
for the experiments: 

The Negatives: Four 


negatives were 
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obtained which are typical of those 


made in normal motion-picture practice 
with type of scenes, the 


and the 


respec t to the 


negative materials production 
techniques 


The Prints 


man Fine Grain Release Positive Safety 


Prints were made on East- 


Film from each of the negatives, the 


printing exposure and the degree of 
development being varied over a wide 
range 

Selection of Print All the 
prints were projected at each of several 
different 


lowest to the 


Optimum 


screen luminances, from the 


highest luminance which 


may be of interest in practice. A group 
of observers then selected the print which 
was considered best at each screen lumi- 
nance 

Picture-Ouality F Each of 


the prints which was selected as optimum 


aluation: (1) 


was projected in sequence at the screen 
luminance for which each was optimum 
\ group of observers compared the pro- 
jected pictures and assessed the relative 
quality of each. 

(2) All the selected optimum prints of 
Cal h scene were projec ted at one screen 
T he asked 
relative quality of the 
this This 


procedure was repeated at the various 


luminance observers were 


to assess the 
case 


projected pictures in 


screen luminances 


Experimental Procedure 


In accordance with the plan just out- 


lined, 35-ft lengths of negatives were 


obtained for Cal h of four types of scenes 


p] 


1) a close-up studio lighting; (2) a 


medium-length view outdoor — light- 


ing: (3) a low-key night scene studio 
high-key out- 
lighting The 


scenes were taken from Hollywood pro- 


lighting; (4) a scene 


door first three of these 


ductions, and the fourth was produced 


especially for this experiment. From 
each of these negatives prints were made 
on Eastman Fine Grain Release Positive 
Safety Film, developed to approximately 
the following values of gamma: ¥ 1.9, 
bly Out 23 2.7. The 


and printing 
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exposure was varied so that at each 
value of gamma a series of prints was 
obtained varying from too light to too 
dark 

Each of these prints was shown to a 
group of observers in a projection room 
with a short projection distance, which 
permitted obtaining screen luminances 
above 80 ft-L different 


were 


Four screen 


luminances selected to cover a 
range somewhat greater than is normally 
available in motion-picture — theaters. 
The changes in screen luminances were 
produced by alterations in arc current 
and changes in the filter screen used in 


The 


center of the 


in the projector luminance was 
measured at the 


Macbeth 


point near the projector axis 


screen 


with a Illuminometer from a 
The aver- 
four 
24.5 


light in the 


luminance for the 
10.5, 


age values of 
projector settings were 2.8 


81.3 ft-L. 
room was that reflected from the screen 


and The only 


or scattered from the projector beam 
Three 


quired to obtain the necessary picture- 


different showings were re- 
quality judgments. 

First With the 
operating to produce a screen luminance 
of 2.8 ft-L, all the prints from each of 
the negatives The 
isked to select the print 


Showing : projector 


were shown. ob- 


servers were 
which gave best quality for each of the 
scenes. When this judgment had been 


made, the same group of prints was 
shown again, but at a screen luminance 
of 10.5 ft-L. 
asked to 


best quality for each of the scenes 


Again, the observers were 
the print which gave 
This 


judgment was repeated with the pictures 


select 


projected at screen luminances of 24.5 


ft-L. and 81.3 ft-L. 


judged one at a time, never in pairs, 


The prints were 


in order to keep the eye adaptation al- 
ways appropriate to the particular pic- 
This 
spite of the 


tures under consideration. was 


considered necessary in 
greater difficulty in making successive 
rather than simultaneous quality judg- 


ments. Thus, an optimum print was 
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Table I. Characteristics of Optimum Prints 


Selected for Four Screen-Luminance Levels 


Screen 
Characteristi 
of Print 


Luminance, 


ft-L 


2.8 Minimum density 
Maximum density 
of material 
Minimum density 
Maximum density 
of material 
Minimum density 
Maximum density 
of material 
Minimum density 
Maximum density 


of material 


determined for each of the four screen 
luminances for each of the scenes 
Sec ond SA roving 


four 


From the first showing 
prints were selected for each of 


the four scenes. Each of the four prints 


represented the optumum print for one 


of the four screen luminances. In_ the 


second showing, the observers were 


asked to rate the relative quality of the 


projec ted pictures when these four 


prints from each of the negatives were 
projec ted, each at the screen luminance 
for which it was chosen as optimum. 


[hese four prints from each negative 


were spliced together with sufficient 


leader between each pair of adjacent 


prints to allow time for changing the 
filte: 
stopping the projector The 


asked to } 


indicate the 
relative picture quality associated with 


projector screens and arc current, 


without 


observers were 


the four prints from each negative by 


assigning quality numbers, arbitrarily 


using the number 10 to represent the 


best quality obtained. In this manner, 
the average relative quality obtained by 
projecting each of the four prints from 
each scene could be computed from the 
judgment data by standard statistical 
methods, 


F hird Sho “ing 


the four optimum prints from eat h nega- 


In the third showing, 


Clark: 


scene 


tive were all projected at each of the 


screen luminances The observers 


asked to 


numbers to the four projected pictures 


four 


were assign relative quality 


at each screen luminance. In_ this 


showing, each print was projec ted at the 


four screen luminances rather than at 


the one screen luminance for which it 


was considered optimum. By com- 
bining the results of the third showing 
with the results of the second showing, 


it was possible to determine, indirectly, 


the approximate quality associated with 


each print as a function of screen lumi- 


nance 


Tone-Reproduction Evaluations 


A complete des ription of the charac- 
teristics of the negatives and the positives 


the form of objective 
Such a 


was assembled in 
tone-reproduction diagrams 
diagram is shown in Fig. 1, which applies 
to Scene | 


is the characteristic curve of the negative 


In the lower-right quadrant 


Density is plotted as a function of the 


logarithm of relative scene luminance 


This 


that an 


obtained by assuming 
flare 


and by ap- 


curve Was 


average amount ol hight 


reached the camera image. 
plying the necessary correction to a typi- 
negative 


cal sensitometric curve of the 


material In the lower-left| quadrant, 
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Projector 


ce of 


uminan 


Tone reproduction 


Screen images 


Log luminance of screen 





Positives 








—_— 








1 
He 


Relative log luminance of scene 


Fig. 1. Tone-reproduction diagram for Scene 1, showing comparison between the 


four optimum prints, each projected at the screen luminance for which it is optimum. 


Points A-D on the negative curve correspond to the luminance of different areas in 


the scene: A, extreme shadow; 


near face; and D, extreme highlight. 


the characteristic curve of the positive 
material is shown in four different posi- 
tions along the log-& axis representing 
the relationship between negative and 
positive in the four different prints from 
the same negative 
quadrant, the 


In the upper-left 
projector characteristics 
are shown. In this quadrant, the 
logarithm of the luminance of the screen 
image is plotted as a_ function of 
This takes 


account the specularity of the projector 


print density curve into 
and the influence of non-image-forming 
light which reaches the screen from the 
The 


intercepts of these curves on the screen- 


projector lens, room walls, etc. 
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B, lower portion of background; C, background 


luminance axis indicate the logarithm 


of the 
with no film in the projector. 


screen luminance as measured 

In the upper-right quadrant of Fig. 1, 
the log luminance of the projected image 
is plotted as a function of the logarithm 
of the luminance of the corresponding 
objects in the original scene 


The 


vide a complete description of the charac- 


tone-reproduction curves pro- 
teristics of the projected pictures, in- 
cluding the characteristics of the positive 
prints. 

Scene 1, 


characteristics of the positive prints which 


Fig. 1 applies only to 


some indication is needed of the 


Since 


were selected as optimum for each of 
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the screen levels for all the scenes. In 


Table I are 


maximum density values and the gam- 


shown the minimum and 
mas to which the film was developed for 
the optimum prints made from each 


scene 


Results 


Figure 2 presents a summary of the 
results of the picture-quality appraisals 
in the form of curves in which picture 
quality is plotted as a function of the 
logarithm of screen luminance for the 
case in which only the optimum prints 
each luminance 


are shown at screen 


In Fig. 3 the results of comparing all 
four of the optimum prints at each screen 
Each of the 


based on the average of the 


luminance are shown. 
curves is 
judgments made for the four different 
scenes. Each curve indicates the change 
in quality with screen luminance only 


The 


curves is in what they 


most important feature of these 
reveal about the 
range in screen luminance over which 
the various prints give top or near-top 


quality. 


Conclusions 


For the conditions used in these tests: 
(1) There is evidence that, as screen 
density of 


luminance is increased, the 


the print must be increased, and the 
density scale lowered to maintain opti- 
mum quality 

(2) The present 
(PH22.39-1953) for 
(10 ft-L. +4, 


quality which is definitely superior to 


American Standard 


theater screen lumi- 


nance 1) gives picture 


that obtained with lower screen lumi- 


nances. 
luminance 


(3) Increasing the screen 


from 10 to approximately 25 ft-L will 
give some improvement in quality in 
most cases, provided the proper adjust- 
ment is made in the density and contrast 
of the print 

(4) Quality when 


de« reases screen 


luminance is increased above 


25 ft-L 


approxl- 
mately 


Clark: 


(5) Quality within 10% of the best 
can be obtained over a wide range of 


screen-luminance levels, beginning at 
about 
45 ft-L 


(6) The objective tone-reproduction 


10 ft-L and extending to about 


curves for this experiment do not give a 


definite explanation for the quality 


decrease at higher screen luminances. 


Visual 


effects due to viewing picture areas of 


discomfort or other subjective 


high luminance in the presence of a dark 


surround may be more important fac- 
tors, 
(7) Further 


to determine the cause of the quality 


experiments are needed 


decrease and to measure quality as a 
function of screen luminance under vary- 

iliumination 
Such 
mentation should include still projection 
flicker, which be- 
higher 
factor in 


ing conditions of ambient 


and picture surround. experi- 
to determine whethe1 


comes apparent only at the 


screen-luminance levels, is a 


lowering quality. An attempt should 


also be made to derive the subjective 
tone-reproduc tion curves 

(8) Prints which were made to give 
optimum quality at one screen luminance 
are generally inferior, when projected at 
higher or lower screen luminances, to 
other prints which are optimum for the 
higher or lower screen luminances (Fig 
3). It is not always possible in practice, 
however, to make different. prints for 
projection at different screen luminances, 
and it becomes necessary to make a 
single print which will give the best 
average quality over a wide range of 


The 


that it is somewhat better to make prints 


screen luminances data indicate 
which are optimum for a screen lumi- 
nance of approximately 10 ft-L and show 
them at 2 ft-L thaa to make prints which 
2 ft-L and 


Prints 


aré best for show them at 


10 ft-L 


quality when projected at 10 ft-L 


which give the best 
will 
give somewhat higher quality through- 
out a wider range of screen luminance 
than the prints which are made to be 


opumum for the other screen luminance 


Function of Screen Luminance 











Fig. 2. Picture quality given by optimum prints shown as a function of 
screen luminance, each print projected at the screen luminance for which 


it was selected as optimum. 





Quality 
Average for four scenes 











9g screen luminance 


Fig. 3. Picture quality shown as a function of screen 
luminance for the case in which the same print is projected 
at various screen luminances. Vertical lines beginning at 


the left represent screen luminances for which prints 1, 2, 


3 and 4, respectively, were chosen as optimum. 
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levels used in this test This conclusion 


is particularly pertinent in view of the 
recent interest in a proposed standard 
for 16mm review-room screen luminance 
Although these data are based on 35mm 
prints, it is felt that the results are indic- 
ative of what with 


may be expected 


16mm prints also 
Acknowledgments 
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staff of the 
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members of 
Kodak Co 
sisted in gathering the data, making the 
Acknowl- 


edgment is given particularly of the assist- 


Laboratories and 


to various other depart- 


ments of Eastman who as- 


prints and acting as judges. 


ance given by J]. H. Morrissey. of these 


Laboratories, in the mathematical treat- 


ment of the data 


Discussion 

Vax Pulejo (Fulbright Student, US¢ 
mentioned that the light and dark 
What was 


the reason for this procedure, which in- 


You 
scenes 


were not shown simultaneously 


volves a memory factor? 

Dr. FE. K. Carver (Eastman kodak Ci 
Rochester, N. I think I can answer why 
they did not show the two simultaneously 
If one does that, the bright one prevents 
seeing the dark one properly and would give 
a bias in favor of the bright one. It would 
be as if the eye adapted itself to the brighter 
one and made the less bright one seem dull 
It is perfectly true that the memory factor 
gives more trouble 


when pictures are pre- 


sented separately This is partly compen- 


sated for if you have a fairly large number 


of observers. If you project both picture 
together, it is probably easier to get agree- 


ment but the bias introduced would give 


Clark: 


you a wrong answer unless Care 1s taken not 
to have two pictures on the screen at once 
that are very different in brightness 

Ben Schlanger (Architect, New York Cit 
What 


relation to the 


was the distance of the observer in 


picture, and how wide was 
the picture? 
Mr. T. G 
Rochester, N. } 
mately 27 to 28 ft and the picture width 
was about & to 10 ft 
Vr. Schlaneger 


theaters being anywhere from 1 W 


Veal (Eastman Kodak Ci 


I he obs« ryver Was approxl- 


With viewing distances in 
up to 
about 6 W, I would imagine that a viewing 
distance of approximately 44 W (W being 
width of the picture 
test 

Mr. Vea 
tion to make such a test 

Mr. Schlanver: What 
the lighting of the room and the nature of 
the lighting adjacent to the picture? Was 
black 


and was the room kept dark or was there 


, would be a more valid 


hat is true It is our inten- 


was the nature of 


there a border around the picture 


ambient light in the room? 
Ur. Veal 
the picture 


Sone 


There was no border around 


and there was no light in the 
room, excepting that coming from the lens, 
which gave an average ambient illumina- 
tion of approximate ly 0.4 ft-L 

Vr. Schlaneer 


technical side and considering the psycho- 


Getting away from the 
wants to feel 


that it 


logical values, an observer 


when looking at a daylight scene, 


feels like 


when you have 


really daylight and, of course, 


a dark scene, it should im- 


press you as a dark scene Have any tests 
been made on this point? 

Mr. Vea 
I believe Dr 


you 


It has been my experience, and 


Lozier will agree, that when 


have a bright sunlight scene, it will 


look more realistic when projected at a hig! 
luminance We 
tests to check this point 


screen plan to do some 


Function of Screen Luminance 





Optimum Screen Brightness for Viewing 


l6mm Kodachrome Prints 


By L. A. ARMBRUSTER and W. F. STOLLE 


The Laboratory Practices Committee of this Society has completed a survey 
of viewing conditions in several 16mm print review rooms.' This survey has 
led to the proposal that a screen-brightness standard of 7.5 + 2.5 ft-L be 
adopted as a laboratory standard. The Society’s Non-Theatrical Equipment 
Committee in 1941 recommended as a standard for non-theatrical projections 
a screen brightness level of 10 ft-L with a range extending from 5 to 20 ft-L.* 
Production standards, tolerances and aimpoints used in the manufacture of 
Kodachrome Commercial and Kodachrome Duplicating Films are in some 
measure dependent upon the viewing conditions used. Viewing standards 
for the Eastman Kodak Co. are currently 14 + 4 ft-L. The effects of screen 
brightness, camera exposure and print exposure upon the quality of prints 
made on 16mm Kodachrome Duplicating Film from 16mm Kodachrome Com- 
mercial Film originals have been studied. The optimum screen-brightness 


range was from 9 to 15 ft-L. 


l HE Laboratory Practices Committee mine the optimum = screen-brightness 
of the Society of Motion Picture and — level for viewing 16mm Kodachrome 
Television Engineers after a survey of _ prints. 


viewing conditions in several East and 
West Coast 16mm print review rooms is Procedure 
proposing a screen-brightness standard The Kodachrome Commercial Film 

of 7.5 + 2.5 ft-L to the SMPTE Stand- Kodachrome Duplicating Film combina- 


ards Committee for their action. Be- tion was used on this program because 


cause this value is somewhat lower than Of widespread use of these materials 


the intra-company standard of 14 + 4 rhe resultant prints were judged over a 
ft-L in general use by the Eastman Kodak Tange of screen-brightness levels. Re- 


Co.. this study was undertaken to deter- lated very closely to-this problem is the 


matter of proper exposure level for the 
Presented on April 29, 1953, at the Society’s Kodachrome Commercial Film and 
Convention at Los Angeles by Allan M. the subsequent print density of the 
Koerner for the authors, L. A. Armbruster 


and W. F. Stolle, Color Control Div., East- i ” 
man Kodek Co.. Rochester 4. N.Y It is assumed that if a laboratory had 


duplicates. 
(This paper was received March 27, 1953.) a low screen brightness in its viewing 
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room, some effort might be made to 


adjust the original and print densities to 
give best results rticular level 


used ( onversely high 


bi 


ment might be 


screen 


htness were used, an « adjust- 


Hence 


need for prints of different densities and 


1g 


made there 1s a 


contrasts in order to determine the etlect 


ol these prints on the chaice of an opt- 


mum brightness level for 


The 


Commercial 


Viewing 
Kod iC hi mie 


Pype 5268, 


original used was 


Film 


Was ¢ X pose d as 


which 
recommended, 1.e., for 
index of & 
Kodak Wratten Filter No. 8 
fo 00 K 


inde K Ol 10 


daylight, a film-exposure 
with a 
and illumination a= film- 
exposure 
different scenes were 
photographed at daylight and interion 


Initially, twels 


conditions using the normal exposure 


YOSUI and one-stop 


one “SLOp OVEeTeCX] | 


underex posure Lhe twelve scenes were 


critically viewed in order to select four, 
two davlight and Wo 


mteriol scenes 


matched tl 


which most. nearl Ie type 


and range of subjects encountered itn the 


The davlight pictures consisted 


trade 
ol 1) 


showing a 


and ) a 


a shoreline 


brit k 
multic olored 


scene SCCTIE 


sky, trees and 


Phe 


consisted of l) a 


l 
HOUSE 


mail boxes two in- 


rather 


and )) 


terior 
high-key 


commercial scene of a telephone-swit h- 


scenes 


close-up portrait 


t 

board operator 
Prints were made on a Depue 16mm 

Kodachrome 


Film, Type 5265 


printer on Duplicating 


The over and under 
camera exposures were timed with light 
control and neutral-density filters to 
provide prints of density level equivalent 
to those obtained from the normal 
camera exposures 

Having obtained a normal-print den- 
sity for each camera-exposure level, the 


light 


the addition or 


printing was then varied from 


normal by subtraction o 


0.15 neutral density Thus there were 


available prints which were thin, normal 


and heavy at each of the three camera- 


exposure levels, to provide a selection of 


print densities for the various 


screen- 


Armbruster and Stolle: 


brightness levels and to determine if the 

normal print density level is optimum 
The proyecuion equipment consisted 

Model 25 


lamps 


of two Eastman Projectors 


Che 
f/1.5 projection Ektar 


with 1000-w projection 


lenses were 3-in 
lenses providing a screen-image diagonal 
of 4.3 ft with average viewing being en- 
1.4 image diagonals from 


Phe 


unpe rforated 


countered at 


the screen screen was a_ white- 


painted, screen with a 


diffuse surface having a 
reflectance of 91% 

Six screen-brightness variations were 
studied, 2, 5, 7.5, 10, 14 20 ft-L 


Lhe changes in illumination were accom- 


nonsele¢ tive, 


and 


means of different-sized 


plished by 


diaphragm apertures placed over the 
projection lens, and measurements were 
made at the center of the screen by means 
srightness Meter, 


Electric 


of a Luckiesh-Tavlor 


manufactured by the General 
Company 

Stray 
aflect 


yer ted image 


screen illumination is known to 


adversely the quality of the pro- 


Table I 


tion of total screen brightness attribut- 


shows the frac- 
able to room lighting, lens flare, etc., at 


each screen-brightness level used 


Table I. Screen Brightness From Stray 
Light 


Potal Screen 


brightness 


Stray 
brightness 
level, ™% of 


ft-L total 


level, 


ft-L. 


O15 0 
019 0 
09? 
024 
028 


029 


The method of judgment used was 


the paired-comparison technique, i.e 
the selection of the better of two simul- 


Phe 


and 


taneously projected images vari- 


ous scene, Camera-exposure, print- 


density comparisons were shown in 
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lable II. 


Series I Comparison Pattern for Selection 


of Best Print 


at Each of Six Screen Brightnesses 


Group I 


OB 
Ol 
OC 


OA vs 
OA vs 
OB vs 


Scene I 


Scene Il 
Scene III 
Scene IV f 


Camera ¢ xposure 


() ] stop overe xposed \ 
N Normally exposed B 
( l 


top underexposed C 


random ordet Twelve to fifteen judges 
vere used for each of the several viewings 
vith the majority, in general, having a 
considerable amount of experience view- 

r duplicate 


The 


lection olf 


prints 


first series of viewings was for the 


the best of the three print- 


levels for a camera 


we. Six 


density given €Xpo- 


viewings were made in this 


ries, each at a different screen-bright- 
lable 


ness level Il shows the pattern 


Printed light 
Printed normal 
Printed dark (normal +0 


Group II Group III 


NB ( vs. UB 
NC UA vs. UC 
NC [ IC 


NA vs 
NA vs 
NB vs 


vs. [ 


Same comparisons made as for Scene 


Print density 


15 log E 


normal 0 


] 5 log E) 


The 


an 


of comparisons for this series 


results of these projections gave 
optimum print density for each of the 
three camera exposures for each of the 
screen-brightness levels 


The 


sisted of the selection of the best camera 


second series of viewings con- 


exposure for each of the screen-bright- 
ness levels using the best print density 
each camera selected in 
Series | 


lor 
the 


exposure 


viewings. Six projections 


Table III. Series Il Comparison Pattern for Selection of Best Camera Exposure 
Screen Brightness in Footlamberts 


OB vs. NA) OB vs 
OA vs. UA OB vs. UA) OB vs 
NA vs. UA NA vs. UA NA vs 
OB vs. NA’) OB vs. NB) OB vs 
OB vs. UB OB vs. UB) OB vs 
NA vs. UB NBvs. UB”) NB vs 
OB vs. NB) OB NB OB vs 
OB vs. UB OB UB OB vs 
NB vs. UB NBvs. UB) NB vs 
OBvs. NB) OBvs. NB) OB vs 
OB vs. UB OB vs. UB) OB vs 
NB vs. UB NBvs. UB NB vs 


OA vs. NA 


I\ 


ene 


Prints used are 


Camera exposur 


() ] stop overexposed \ 


Normally exposed B 


1 stop underexposed ( 
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Printed light 


10 14 20 


NB 
UB 
UB 
NB 
UC 
UC 
NB 
UB 
UB 
NC 
UC 
U¢ 


OB vs. NB 
OB vs. UA 
NB vs. UA 
OB vs. NB 
OB vs. UB 
NB vs. UB 
OB vs. NB 
OB vs. UB 
NB vs. UB 
N¢ 
UC 
U'¢ 


OB vs 
OB vs 
NB vs 
OC vs 
OC vs 
NB vs 
OB vs 
OB vs 
NB vs. 
OC vs 
OC vs 
NC vs 


NA 
UA 
UA 
NB 
UB 
UB 
NB 
UB 
UB 
NB 
UB 
UB 


OB vs. NB 
OB vs. UA 
NB vs. UA 
OB vs. NB 
OB vs. UB 
NB vs. UB 
OB vs. NB 
OB vs. UB 
NB vs. UB 
OC vs. NC 
OC vs. UB 
NC vs. UB 


OC! vs 
OC vs 
NC vs 


those selected in the Series { viewings 


Print density 


15 log E 


normal 0) 


Printed normal 


Printed dark 


15 log E 


‘normal +0 
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Table IV. Series III Comparison Pattern for Selection of Best Screen Brightness 
Scree! 

brightness 

Scene | Scene III scene 


comparison, ft-1 Scene Il 


NA vs. NA 
NA vs. NA 
NA vs. NB 
NB vs. NB 
NB vs. NB 


B vs. UB UB vs. NB UB \ 
B vs. UB NB vs. NB UB vs 
B vs. UB NB vs. NB UB, 
B vs. UB NB vs. NB NC \v 
B vs. NB NB vs. NB NC \ 


Prints used are those selected in series II] viewings 


> , 
Print density 


Printed light (normal 
Printed normal 


Printed dark 


1 stop overexposed \ 
Normally exposed B 


1 stop underexposed ( normal 


Table V. Maximum and Minimum mum and minimum densities of the nor- 


Densities of Normal Print from mal prints made from the normal camera 


Normal Camera Record records for the four scenes. 


Scene Scene Scene Scene Discussion of Results 


[ mu om WW Che 


results of the Series | viewings are 


D max 2.17 ; 1.40 212 shown in Fig. 1 and indicate for each 


D min 68 0.5 0.37 0.5 camera exposure the 
Range 1.03 


average percent 


.: 57 acceptance of the three print-density 
levels for each level of screen brightness 
This chart is a summation of the accept- 
in this series, each at a 


The 


gave the 


were also made 


different 


to all four scenes for 
Table IIT, 


shows the « Omparisons used for the Series 


ances accredited 


brightness level results each print level which 


of these selections optimum 


print-density camera-exposure com- 
bination for each level of screen bright- 


Table III 


used for 


ness shows the print 


Series II for all the 


com- 
parisons 
respective levels 

The third and final viewing compared 
the various screen-brightness levels using 
the print-density camera-ex posure 
Cal h 
brightness in the Series’ II 
ings Table IV shows. the 
in this Series IIT study 
| difficulties 


combination selected for screen 
view- 
prints used 
Because of the 
psychologica invoived when 
judging two pictures of widely different 
brightnesses, only the minor brightness- 
used, Le 


to kee 9) 


differences at a 


increment Comparisons were 


2 vs. 5 ft-L, 5 vs. 7.5 ft-L, et 
the  brightness-level 
lable \ shows the 


minimum. maxi- 


Armbruster and Stolle: 


Il viewings, is made up of all prints 


As one 


screen 


selected in Series I projections. 
level of 
shift 


would expect, a low 


brightness tends to preference 
towards a thinner print as is evident in 
Table III, for the 2-ft-L level \l- 
though the normal print on the average 
Scene I and U1 


thin 


is most acceptable 


selections are comprised of some 


prints Conversely, at high levels the 


preference is shifted towards heavier 
prints as is noted for the 20-ft-L level in 


Table IIL. -Here, 


general preference is for the 


again, although the 
normal 
print 


opumum 


some heavy prints were selected as 


Figure 1, except for the 


extreme screen brightness levels, indi- 


cates the density of the normal print is 


very Satislactory 
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Coomera Exposure Camera Exposure Comera Exposure 
(1 Stop Overexposed) (Normal Exposure) (| Stop Underexposed) 


PERCENT 


ACCEPTANCE 


/ 


Numbers denote footiamberts 





Norma! Light Norma! Dork Normal 





PRINT DENSITY VARIATION 


Fig. 1. Percent acceptance at six screen brightnesses for light, normal and dark 
Kodachrome duplicates from underexposed, normal and over exposed originals. 
I I 


O Camera Over Exposure 
N Camera Normal Exposure 


U Camera Under Exposure 


- PERCENT 


ACCEPTANCE 








“ 6 8 10 12 14 16 18 20 
SCREEN BRIGHTNESS - FOOTLAMBERTS 


Fig. 2. Percent acceptance of best duplicate from underexposed, 
normal and overexposed originals at six screen brightnesses. 
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oO Cyan 
@ Mogento 


x Yellow 


-i—_—— Under Exposure — 


DENSITY 


7 Normal Exposure 


Gradient — 1.10 


NEUTRAL 


(\VALENT 





£ 





Under Exposure 
Gradient - 1.25 


<——— Normal Exposure ———> 


—— Over Exposure ————> 


Over Exposure 
Gradient - 0.90 





Log E 


Fig. 3. 


Effect of exposure on gradient of typical 


Kodachrome Commercial Film, Type 5268. 


The results of the Series II judgments 


for selection of the best camera exposure 


at the various levels is shown in Fig. 2 as 


a summation of acceptances for the four 


scenes The normally exposed original 


maintained an even acceptance distri- 


bution throughout the brightness ranges 


while the preference at low levels is 


shifted toward the underexposed original, 


preference 1S 


shifted toward the overexposed original 


and at high levels. the 


Phe relationship of picture gradient to 


screen-brightmess level is indicated in 


this study, the overexposed original being 


of lower gradient than the normal ex- 


Armbruster and Stolle: 


posure and the underexposed original 
being of higher gradient This is shown 


graphically on Fig. 3 where the density 
levels between two subjects influencing 
shown on a 


different 


contrast are sensitometrnu 


curve for the levels 


exposure 
Consequently, at a low screen brightness, 
there is a desire to select a print of higher 
contrast obtained with an underexposed 
original and timed to give a print that is 


Lable I\ shows 


-ft-L, level, three of the 


normal to slightly thin 


that, at the four 


scenes Sele ted were unde re x posed oriv- 


inals printed as normal, and the re- 


Malning 


scene 


was printed then from a 
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PERCENT 


ACCEPTANCE - 




















Accepted 


Rejected 





























$75 
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SCREEN BRIGHTNESS - FOOTLAMBERTS 


Fig. 4. 


ness with acceptance at next higher level; 


normally exposed original. The con- 


> where at 


verse trend is noted in Fig 
the high screen-brightness level the low- 
gradient, overexposed original was pre- 
ferred to the higher-gradient, underex- 
final 


the 20-{t-L, level comprised three normal 


posed original The selections at 
prints of normally exposed originals and 
one heavy print of an overexposed orig- 


Dable IV) 


The results of the 


inal 
Series II] viewings 
This 


determined the optimum screen bright- 


are shown on Fig. 4 viewing 
ness by comparing the four selected prints 
at 2 ft-L with the selected prints at 5 ft-L, 
el The data indicate that the decisions 
between 7.5 and 10 ft-L are about equally 


divided Note that in this comparison 


f 
under 50°), is 


any score poor since it 
brightness was 
of the 
lower brightness drops sharply from 7.5- 
-ft-L 7. 5ft-L 
level is considered the minimum accept- 
The 14- vs. 20-ft-L 


son shows a definite preference for the 


that the other 


Since 


indicates 


preferred acceptance 


to the 5- and level, the 


able level comparl- 
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Comparison of percent acceptance at each screen bright- 


each pair 100%. 


14-ft-L Thus the 

considered to be in the range between 14 

and 20 ft-L 
Additional 


single stimulus method (a single image 


level upper limit is 


testing by means of the 
projected at a given screen-brightness 


level) was undertaken to verify the re- 
sults obtamed by the paired-comparison 
technique Phe illumination was varied 
from the low to the high levels and then 
repeated from the high to the low levels 
in the minor-increment differences 
[his system was used to reduce the effect 
of adaptation as much as possible. For 
this projection, the prints selected as 
optimum for each level of screen bright- 
ness were used and projected at thei 
respective level. Fifteen experienced 
observers were asked to rate each scene 
at each brightness level, using a range 


The 


indicated an undesirable print 


of 1 to 5 value 1 on the scale 
screen- 
with value 5 

Values 2, 3 


and 4 were used for intermediate accept- 


brightness combination 


being the most acceptable 


ance levels. The acceptance rating at 
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SCREEN BRIGHTNESS — FOOTLAMBERTS 


Fig. 5. Percent acceptance of prints at six screen bright- 


nesses. 


each brightness level is shown on Fig. 5 
The 


confirmed the 


single stimulus method generally 


results obtained by the 
paired-comparison method, although it 
was thought to be considerably less 
critical because of the necessary reliance 
of the 
other scenes. Figure 5 does show, how- 
that ft-L, is 
definitely less than for the higher values 


These 


Figs. 4 and 5, 


on memory of the appearance 


ever, acceptance for 1.5 


data indicate, as shown by 
that a value between 7.5 
be considered the lower 
that the 


and 20 


and 10 should 


limit limit lies be- 


The 


measurement ol 


and upper 


ft-L. 


encountered in_ the 


tween 14 variation 
screen brightness including instrument 
error, calibration and differences among 
+ 10°; ol 


observers is estimated to be 


the value being measured In view ot 
these measurement errors a Conservative 
brightness range for the viewing of 16mm 
Kodachrome prints is estimated to be 9 
to 15 ft-L. with 12 ft-L as the 
These data 


brightness levels below 


median 


value show that screen- 


> ft-L. are not 


Armbruster and Stolle: 


Viewed singly with no comparison. 


desirable for viewing of 16mm _ Koda- 
chrome prints 


More 


screen 


data at smaller increments of 


brightnesses must be obtained if 
the range limits are to be more closely 


defined 


Conclusions 


The screen-brightness range which in 
judges 
Koda- 


with a 


the opinion of the majority of 


gave the most desirable 16mm 


chrome prints was 9 to 15 ft-L 


12 ft-L 


means of the paired- 


median value of This selection 


was reached by 


comparison and the single-stimulus tech- 


niques 
For the related problems of exposure 


level for the Kodachrome Commercial 


Film and the print-density level of the 


duplicates definite conclusions may also 
The 
dex of 10 for tungsten and 8 for daylight 


for the bilm 
) 


be reached present exposure in- 


Kodachrome Commercial 


is correct This is shown on hig 


where for all screen-brightness levels 


except the extreme low values of 2 and 
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yosure on the 


ft-L. the normal camera ex] 


average Was selected in preference to 


The 


print density levels assumed to be normal! 


the over- and underexposures 
were proved optimum inasmuch as the 
normal prints were selected on the aver- 
age in preference to the thinner or 


| he one 


print 


heavier prints scene for which 


the heavier was selected was a 


having a fairly dark switchboard 


scene 


cabinet and high level! 


of exposure for the 
Although the average’ ex- 


both 


operator 


posure for subjects was correct, 


there was a tendency to desire more 


detail in the operator, obtained with a 


heavier print, with the cabinet repro- 


duced somewhat darker. 
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Discussion 


Philip M, Cou 
that the 


7 ? 
\Hureau O 


studies 


f Shif : Would 
you say which you have 
made and the recommendations of 9 to 14 
ft-L, would also apply had your studies been 
made with black-and-white and with 
lechnicolor film, or is this just one particu- 
lar study on one particular film? 


Vr. Koerner (who read th paper I would 
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not like to apply these results directly to any 
other 


here 


films than the ones which we used 
On the other hand, I would be very 
much surprised if the results were vastly 
different in the case of these other materials. 
Mr. Cowett Therefore, at this 
you're not that the 


Brightness Committee recommendation of 
2 | 


stage 
suggesting Screen 
plus or minus 24 ft-L be changed? Is 
that correct? 

Ur. Koerner (written comment 
p thlication 


well aware that other factors in addition to 


upplied for 


\s stated in the paper, we are 


optimum quality must be considered. For 
tests 
were carried out 


instance, the which have been de- 


scribed under favorable 
projection conditions, and in another paper 


Jo 4rnai) Mr 


Estes is going to discuss the effec t of less fa- 


(immediately following in this 


vorable project conditions on the choice of a 
screen-brightness level. We cannot, there- 
fore, recommend a change on the basis of 
We hope that this ma- 


additional 


this study alone 


terial will provide information 


which will be weighed along with other 


finally fixed 


I can say quite definitely that we believe, 


factors before a standard is 
on the basis of this test and a great deal of 
work, that at a screen- 
ft-L. much of the 
quality that is available in a good 16mm 


experience in our 
illumination level of 5 
Kodachrome print is lost to the viewer. 

Maurice J. Merrick (Sawyers Inc.): Would 
you say that these results apply without 
any partic ular adjustment to areé projec tion 
as well as incandescent? 

Ur. Koerner: 1 would think they 
but here I do not the data to 
say that they do so apply 

David B. Joy ( National Carbon Co.): Your 
tests Kodachrome 
Film. Would they apply to 35mm film? 

Mr. Koerner: 1 expect that they would. 


would, 


again have 


were done on 16mm 
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Effects of Stray Light on the Quality of Projected 


Pictures at Various Levels of Screen Brightness 


By RAYMOND L. ESTES 


The influence of stray light on the quality of projected pictures has been stud- 
ied and data are presented showing the effects at various levels of screen 
brightness. Changes in the picture reproduction by stray light may easily 
be confused with poor print quality. From the results observed, it is con- 
cluded that a standard of screen brightness may be misleading unless the 
amount of stray-light brightness is limited to a fixed proportion. These results 
indicate that for normal projection prints the stray-light brightness of the 
screen from all sources should not exceed approximately 0.3% of the screen 
brightness. In the few theaters where measurements have been made, the 
light resulting from all types of scattering of the projected beam by lens flare, 
atmosphere, screen and theater walls has accounted for approximately 80% 
of the stray light on the screen. 


W.. NEVER pictures are projected on a In one form or another, it is generally 


screen, the brightness range of the screen recognized that stray light is a problem 


image from highlight to shadow is estab- Four instances of this are 

lished by two limits (1) A U.S. Navy technician has said, 
(1) The brightness limit for the high- ‘‘When a full Bermuda moon rises to 

light is controlled by the light output flood out our outdoor screen at Hamilton, 

of the projector in combination with the — we're in’ trouble. Such moons were 

size and reflection qualities of the screen; | obviously made for romance and not for 

and the showing of open-air movies.” 


(2) The limit of darkness is established (2 


) The Society’s Committee on Non- 
for any projection screen by its stray- Theatrical Equipment reported in 1941, 
light level. ‘The deep shadow region in ‘Good tonal quality in the projected 
the screen image may approach, but picture is impossible if the room in which 
certainly cannot be darker than, this it is being viewed is not adequately 
lower limit set by the stray-light level darkened.””! 

(3) The National Educational As- 
Presented on April 29, 1953, at the Soci- sociation stated in a recent audio- 
ety’s Convention at Los Angeles by Ray- 


visual publication, “Light control is one 
mond L. Estes, Film ‘Testing Div., East- I 5 


man Rade Ca Ractiotes &. OY of the most important of the special 
(This paper was received on June 15, 1953 problems facing school planners who are 
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Fig. 1. 





1.0% 


OF STRAY LIGHT 


Quality rating of projected pictures at various levels 


of stray light by 16 observers on two separate occasions. 


designing classrooms to meet the needs 
of modern education.” 
+) A projectionist at a neighborhood 


theater recently stated that it has been 


necessary to raise the level of ilumination 


in the auditorium in ordet to prevent 


rowdyism. 
Therefore, whenever pictures are pro- 
jected, stray light may become a_ prob- 
lem, be it classroom, drive-in or theater 
screen. 
For the purpose of this paper, stray 
light is defined as the brightness in foot- 
lamberts produced On a projec tion screen 
by any unwanted, non-image-forming 
illumination that may be superimposed 
upon the 


projec tlon-screen lmayve 


Therefore, the maximum possible tonal 
range for any screen image from highlight 
contained between 


lo shadow will be 


these two limits the screen brightness* 


’ Standard Brightness 
Motion 7.22.39-1944 


The brightness at the center of the screen 


American Screen 


for 35mm Pictures, 
for viewing 35mm motion pictures shall be 


10°* footlambert when the projector i 


running with no film in the gate 
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and the stray-light brightness. Gener- 


ally speaking, the greater the difference 


between these limits, the better will be 
the conditions for obtaining good quality 
Whenever 


the ratio of these limits is less than 300: 1, 


on the projection screen 
picture quality for normal density prints 
will begin to change. A decrease in this 
ratio to less than 30:1 results in almost 
total degradation of the screen image 
For these last conditions, one may rightly 
question the visual value of any motion 
picture for telling a story or educating 
a group of people. 

Data in Fig 


1 show how 16 observers 


judged the picture quality of several 


light, normal and dark 35mm motion- 


picture scenes as they were viewed at 


various percentage levels of stray-light 


brightness Judging was done by num 
bers-which represented the various qual- 
itv classifications noted on the left side 


of the graph. 


5-4 represents excellent to good quality 


+ 3 . good to fat 


] 


) = fair to poor 


»—] “ poor to useless 
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The classification of light, normal and 


dark 


data 


scenes is the result of analyzing 


from many mouon-picture prints, 


both black-and-white and color, which 


were selected at random over the last 


five years Ihe majority of the scenes 


examined were obtained from actual 


35mm theater prints, representing films 
Measure- 


ments were made on all these prints to 


from many different studios 


obtain data concerning the maximum 


density, minimum density, face density 
and average density which were used as 
a further guide in classifying the special 
scenes selected for the stray-light judg- 
ings The results of these measurements 
were later compared to those 
by C. M. Tuttle in his paper 
recent results indicate that the average 


both black-and- 


prints has increased 


reported 
Phese 
projection density of 


white and color 
somewhat over that reported by Tuttle 
The 
was that the average maximum density 
(Avg Door) ol 


now approximately 


most noticeable change observed 


theater release prints is 
3.0 as compared to 


4. It 


during the 


the 1935 results of should be 


noted that viewing of the 


various scenes at different stray-light 


the darke1 


suffer the greatest loss in quality for any 


levels, scenes were found to 
given stray-light level compared to the 


scenes classified as light or normal 
Chis result is common knowledge to the 
drive-in theater owners where the screen 
quality of dark murder-mystery pictures 
is sometimes quite objectionable. A 
dotted line has also been added to the 
graph in order to re present the “average 
print.”” This line will serve as the stand- 
ard for picture quality vs. the stray light 
in the illustrations to follow 


The 


found 


range in stravy-light conditions 


in Fig. 1 is known to exist at 


various times during the projection of 


motion pictures on outdoor-theater 
screens as well as in poorly darkened 
classrooms and auditoriums. It is hoped 
that this information will bring about a 


better understanding of how the screen- 


Estes: 


brightness stray-light problems affect 


the picture quality on the projection 
screen. 

Ihe sources of stray-light damage to 
picture quality can usually be limited to 
one or more of the following 


(1) Darkened 


wanted light from outside the room o1 


room admitting un- 


from unsuitable light fixtures in the room 


2) High reflectance of the proyection- 


room walls and ceiling which reflect 


the screen light falling upon them back 


upon the screen. ‘This effect from light- 


colored surlaces may be quite pro- 


nounced in narrow rooms and rooms with 
screen OC- 


low ceilings, whenever the 


cupies a relatively large area at one end 


of the room, or has one or more sides of 
the screen in close proximity to a side 
wall or ceiling 

(3) The light produced by lens flare 
In the past few years, the effect of lens 
flare has been reduced considerably by 
coating projection lenses, and it is not as 
great a source of stray light on the screen 
the effect 
the flare 


as formerly For some lenses, 


of coating has been to reduce 


light from the lens by more than two 


times Even so, scratches, dust and 


fingerprints on projection-lens surfaces 


may cause a large amount of flare light 


For outdoor theaters, dust and dirt on 


projector lenses have to be removed at 


frequent intervals. Great care should be 
taken in this operation, because the high 
grit content in the dust will easily dam- 
age the lens surfaces 


1) Where 


be tween 


fairly long distances are 


involved projector and screen, 


scattering by particles in the air gives 


rise to non-image-forming light which 


may set a minimum stray-light level on 


the screen, below which further modi- 


fications in theater design and optica: 


equipment cannot be effective 
(5) Moonlight, 


light from the projection beam and othe 


scattered 


skylight, 
sources of illumination, all combine to 
make up the stray-light level on the out- 


door or drive-in theater screen. 


Effects of Stray Light 
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BRIGHTNESS 


OF SUBJECT 


Stray-light effects on the tone reproduction of an average 


reversal color print. 


Preparation of Test Films 
In order to make actual determinations 
of the stray-light effects on tone repro- 


duction, a neutral-density scale was 


located in the original scenes being 
> 4 


photographed to provide a known grada- 
values. Brightness 


tion of brightness 


measurements of the density scale were 
made with a precisely calibrated Luck- 
Brightness Meter 


Electric Co 


manu- 
The 


measured reflectances of this scale were 


iesh- Taylor 
factured by General 
expressed in terms of relative log bright- 
ness of the original subject. In addition, 


intensity-scale sensitometric exposures 
were also made on the unexposed por- 
tion of the same roll of film and were 
processed along with the camera tests 
After processing, visual diffuse-density 
gray 


the « orresponding log 


measurements of the scale were 


plotted against 


exposure in the original scene, in order 
to check the picture tests against the 
standard sensitometric exposure. Some 
density differences were observed in the 
shadow-density region of the picture 
tests when compared to the D-log E 
curves of the sensitometric exposure 
These small differences were attributed 
to camera lens flare. 

Iwo pairs of motion-picture films were 
used in this project for measuring the 
overall tone reproduction from the orig- 
inal subject to the projected screen 
image : 

(1) Prints.on Kodachrome Duplicat- 
Color Film, 
(16mm), from originals made on Koda- 


Color Film, 


ing Safety Type 5265 


chrome Commercial Safety 
Type 5268 (16mm) 

(2) Eastman Fine Grain Release Posi- 
Safety Film, 


tive Type 5302 (35mm) 
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from Plus-X 
Negative Safety Film, Type 5231(35mm 


The 


the black-and-white 


Eastman Panchromati 


tone-reproduction curves from 


prints, as well as 


Kodachrome 


Inve stigated, are not 


those from slide films, 


which were also 


included in this report because the re- 


sults obtained from the projection tests 


of these films were found to be quite 


similar to those obtained from the Koda- 


chrome Duplicating Film prints 


The upper curve in Fig. 2 
PI 


repre sents 


the general tone reproduction for the 


average reversal color print whenever it 


is projected on a screen free from all 


Stray light For this condition, a pro- 
jected color picture matches very closely 
is viewed 


| he other 


that observed when the print 


in front of an illuminator 


curves show the degradation in_ tone 
reproduction which occurs to the picture 
as the level of stray-light 
1%, 3% 


screen brightness 


on the screen 


brightness is increased to 0.3%, 
and 10°, of the 


The general location of shadow, 


midrange, face and high-light regions 


have been added at the bottom of the 


graph to make it easier to locate these 


positions on the 
curves. It can be 


tone-reproduction 
noted from studying 
that stray light lowers the 


these curves 


density in the dark shadow areas of the 
screen image by a much greater amount 


than in the lighter regions represented 


by the face and highlight densities 


Calculation of Screen Density 


Much 


quality ol a pre lected 


from. the 


information  conce } the 


picture may be 
obtained measurement of its 


brightness gradations on the screen 


screen image may be presented in 


measured brightness tones of the 
terms 


will 


/ 


of screen-reflection density, which 
lled 


The ratho betwee n the 


here be ca simply ree? ler 
brightness of the 
screen without film in the projector 
compared to the brightness of the image 
when expressed as a logarithm, becomes 
a measurement of the reflection density 


of the image The relative screen dens- 


Estes: 


ity values (D,) for projected images re 


ported here are all based upon calcula- 


tions from the equation, 


B ; 
D Lov ] 
B, +B 
where screen density of an area in 
the image 
screen brightness 
image brightness for the area 
being measured 
stray light brightness 
For measurements of stray light in the 
projection room, a small, opaque piece 
of blackened 


center of the projector gate as close to 


this 


brass was located in_ the 


the film as possible. The area of 


Was approximately 5% 


Meas- 


urement of the dark region made by this 


opaque object 
of the total area of the picture 
object on the matte 


infinitely dense 


projection screen, therefore, included the 


forms 


factor of lens flare, as well as other 
of stray light present in the room. 

It might be well to state again that all 
these measurements in the projection 
the author with a 


Luckiesh- Taylor 
When required, cali- 


room were made by 
calibrated 
Brightne ss Meter 
brated filters were placed in the optical 


precisely 


svstem of the brightness meter to cor- 


rect the color-balance difference — be- 


tween the screen illumination and_ the 


light source of the meter 


Importance of Adequate 
Screen Brightness 


Tone-reproduction curves similar to 
the previous graph were obtained (Fig 
}) when the stray-light brightness was 
the screen 


ft-L. to 


range 


held constant at 0.1 ft-L, while 


brightness was varied from 20 


> ft-L This 


represents that 


screen-brightness 
recommended by_ this 
Non-Theatrical Equip 
Report of 1941. con- 


16mm 


Society in_ the 
ment Committee 


projection ol films 


| 
It is important to note that it is necessary 


both the 


cerning the 
to consider strav-light le vel 
and the screen brightness in specifica- 
tions relating te the projection of good 


quality fiims 
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Fig. 3. Tone reproduction of an average reversal color print with 
a constant stray-light brightness of 0.10 ft-L. 


The 0.1 ft-L 
the was selected because it has 
been related by some to the statement 
that 0.1 ft-c of 
tion in an auditorium is not harmful to 
Usu- 


stray-light brightness on 


screen 
miscellaneous illumina- 


the quality of projec ted pic tures. 
ally, these articles make reference to a 
by Dr. Loyd A. Jones 


paper written 


and published in the 1920 Transactions of 


this Society.4 In quoting this paper, 


many people have used his recommenda- 
have 


tions without qualification and 
neglected to state that the information 


Jones reported was based upon data 


collected at a screen-brightness level of 


approximately 20 ft-L. Furthermore, 
Jones shielded his auditorium lights so 
that only 0.02-0.04 ft-L of stray light was 
reflected by the screen as a result of the 
auditorium illumination. Therefore, 


the amount of stray light on the screen, 


262 


which resulted from the level of indirect 
illumination approved by Jones, repre- 


07 
0.2% 


sents approximately of the screen 
brightness. 

In Fig. 3, it should be noted that the 
picture by the 
shaded areas, as well as the tone repro- 
duction, denoted by the curves, drops 
when the level of screen brightness is 
decreased from 20 ft-L to the lower, 
recommended limit of 5 ft-L. The figure 
5 ft-L of screen brightness is important 
5 ft-L can 
16mm 


quality, represented 


because little more than be 


expected from a_ standard in- 
candescent projector on a matte screen, 
even when the screen is only 10 ft wide.® 
Increasing the picture size to 20 ft drops 
the brightness to approximately 1 ft-L. 
Higher brightness levels or larger pic- 
tures can be obtained with carbon-ar« 
projectors, but here again for 16mm pic- 
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Fig. 4. Projection at 


reat hed 
f 20 ft. 

curves illustrate the importance of main- 
ol 
brightness and the rapid increase in stray- 


the 5-ft-L level is 


picture width ¢ 


tures at a 


about ‘These 


taining an adequate level screen 


light problems which occurs whenever 


the picture size is expanded beyond the 
light-producing capacity of the projec- 
tion equipment. 

Good picture quality on the screen is 
important to all who are concerned with 
the production and processing of films. 
his includes film and equipment manu- 
facturers as well as those who labor 
toward bringing to the projection booth 
the best obtainable motion-picture print 
Those who project the films are at the 
end of a long chain in which everyone 
must do his part well or success changes 


to failure. 
Specially Timed Light Density Prints 
In a desperate attempt to avoid failure 


where stray-light levels were high, it has 


Estes: 


Effects of Stray Light 


5 2.0 2.5 


HTNESS OF SUBJECT 


stray-light brightness 


© prints). 


frequently been suggested that specially 


tuumed, lighter-than-normal prints are 


the answe1 This unfortunate situation 
needs to be looked at in a very careful 
manner because it is full of booby traps 


reproduction curves at 100% stray light 


In the lower section of Fig tone- 
are compared for a normally exposed 


print and a made intentionally 


lighter 


print 


than normal in an attempt to 


compensate in some degree for this high 
stray-light level. A slight gain in screen- 
density range has resulted from the lower 
density of this 


highlight lighter-than- 


normal print Furthermore, midrange 


density has been lowered so that it can 
the 


Yet, this slight gain will not 


be distinguished from maximum 
densities 


look 


good picture quality 


very important when considering 
Picture quality is 
still very poor when compared to the 
normal-density print projected at recom- 
mended levels of both screen brightness 
and stray light The curve at the top 
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BRIGHTNESS 


Fig. 5. 


was included so that this diflerence 


could be easily seen. Obtaining lighter- 


than-normal prints is not a fruitful 


way of getting good picture quality on 
desired 


the screen The lnprovement 


in screen quality should be obtained 


by making every effort to increase the 


difference between the screen-brightness 
and the stray-light level 
marked “‘Over- 


represents — the 


In hig >, the 
Print” 


mace 


curve 


I x posed afaln 


print lighter than normal in an 


attempt to help out those with high 


stray-light) projection problems The 


trouble is that this print may also be 


sent to othe rs whe re projec tion ¢ onditions 
are more favorable 


When this special 


low-density print is projected under 


conditions where the stray-light level on 
the screen is 0 ay or less. the loss in 
and color 


that 


pictorial quality saturation, 


compared with usually expected 
from normally exposed prints, ordinarily 


causes a number of « omplaints 
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Projection at 0.3% stray-light brightness (reversal color prints). 


It might be well to emphasize again 
that the 
on that 


ability to transfer the image 


ribbon of film into a valuable 
picture for entertainment or educational 
purposes depends upon the projection 
under which the 


conditions print is 


exhibited 
Stray Light at Drive-in Theaters 


Figure 6 illustrates the changes in 


screen density for five levels of print 


as the amount of stray light in- 


( 
to 10% 


density 
f - 
creases from 0.1%, of the screen 


brightness. On the outdoor — screen, 
excellent to good projection conditions 
evening, 


are not possible on a clear 


even with the normal-density — print, 
until approximately 50 min after sunset 
Some drive-ins start picture projection at 


9:00 P.M. EDT during July 


Rochester and the _ re- 


June and 


in the area, 


mainder are in operation before 9:15 
P.M. The i 


approximately 15 min after sunset, and 


earliest starting time is 
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Fig. 8. Chart used in test roll No. 1 to obtain image-transfer data in theater 


survey 


y. The perforated hole in the center of the picture frame was used to 
monitor the light output from the projector. 


The density of the area surround- 


ing the chart was adjusted to attain an overall average projection density of 1.2. 


the swray-light level on the sereen is 


actually equal to the screen brightness 


from the projector During the period 


of full moon, the stray-light brightness of 


the outdoor screen may climb to more 


than 1%, for the 


average drive-in and 


probably willexceed 3% for those operat- 
ing at screen brightnesses in the region 


ol 1 ft-L { 


the screen quality of dark prints, typical 


these conditions, 


ndet 


of murder-mystery films, is discourag- 


ingly poo! 


Similar tluctuations in. the 


strav-light 
level are also a problem in other situa- 
tions, for example, the classroom, even 
though the quality of the print which 
is being projected may be 


The 


classified as 


excellent compression in the 
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screen-densits a result of stray 


dark- 


since, mm 


range, as 


light, is most noticeable in_ the 


shadow regions of the print 


this situation, density is lost much faster 
than in the light areas It is not difficult 
dark-shadow areas of the 


then 


to see why the 


picture lose identity when stray 


light becomes excessive 
Theater Survey 


\ direct compayvison is made in Fig 


between the projection density of the 


print and its resulting density on the 


screen at five different levels of stray- 


light brightness, relative to the 


screen 


brightness. Curves similar to these 


have been obtained from the special 


test films that are now being used in a 
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theater and drive-in survey throughout 
the Rochester 
agree with those which were calculated 
mathematically to verify the validity of 


film material 
Although 
survey 


area. These curves also 
the 
theater 


Anyone 


the experimental data 
take 


further study of the overall tone repro- 


may 


these data and relate them to a are given 


results 


(1) REGULAR 


3 large (over 


THEATERS 
2.200 seats ) 
5 small (300 to 1,200 seats 

\verage screen brightness at the center of the screen 

I ype of screen surface 

Minimum brightness of the screen resulting from the normal oper- 
ating lights in the auditorium with projector turned “OFF” 

Average stray-light level on the screen during the projection of a 
normal density print 


Average distance from booth to screen (throw ) 


(2) DRIVE-IN THEATERS 
3 large (capacity of 750 to 1,000 cars) 
Average screen brightness at the center of the screen 
[ype of screen surface 
Size of screen 
Average distance from booth to screen (throw ) 
\verage brightness of the screen on dark nights with the projector 
turned “OFF” 
Average stray-light level on the screen during the projection of a 
normal-density print on a dark night. (This does not represent 
average conditions which would take into account early evening 
skylight, moonlight, or light scattered from the projector beam 
by rain, fog or excessive dust in the atmosphere 


regular 
has not 


to indicate 


duction for any motion-picture or slide- 


and drive-in 


been fully com- 


pleted at this time, the following data 


the trend in the 


Li? f-L. 


matte whit 


0. 0067° pep ft-L. 


2+0.02% 
A reg  * 

or 0.3% of the screen 
brightness 


140°%% ft 


A.0e8 


2 0.8 ft-L 
matte white painted 
40 to 60 ft wide 


250 ft + 40 ft 


0.003 ft-L 
0.017 +0.004 ft-L 
or O 8Y + 0 2, of 


screen brightness 


Ihe following data were collected at one drive-in theater where the matte-painted screen 


faces east directly away from the setting sun 
in the month of March at 43 


in minutes after sunset by 1.3 


north latitude. (During June 


Ihe data are reported for a clear evening 


July, multiply the time 


Stray Light on the Screen Relative to a 


Vfin After Sunset Screen Brightne 
12 134% 2.95 
18 41% 0.90 
24 12% 0) .27 

4. 0%—0.087 
0.7%—0.016 


0.2%-—0 .005 


The brightness of the screen due to moonlight may reach approximately 0.02 ft-L or 1% 


of the screen brightness for the average drive-in 


of 2.2 ft-L 
ft-L stray light 


or 


When the stray light produced by 


lens flare and scattered light from the projected light beam is added to that from moon- 


light, the total amount of stray light is about 
stray-light ratios occur when there 


2% of the screen brightness 


Even higher 


are other large sources of additional stray light flood- 


ing the screen, where projection equipment is not in good operating condition, and where 


the screen brightness is lower than 2 ft-L 


* High stray-light conditions were found in a theater which used 


directly behind the perforated projection screen 
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Special theater test films were made in 
concerning the 
film 
No. 1 


Seclol 


order to obtain data 


characteristics from 
lest roll 


seven-density pie 


image-transier 
to screen densits 
consisted of a 
chart with a small periorated hole ia 


Phis 


means for 


the center of each picture frame 
perforated hole provided a 
constantly monitoring light output of 
An example of this test 
The film 


vas Eastman Color 


the projector 
film is illustrated in lig. 8 
used for this test roll 
381 
approximated a 


each density 
neutral. All 


determine the 


Print, ‘Type and 
visual 
measurements to pro- 
jection density of this film were made in 
terms of visual arc-quality illumination 


The ratio of projection density to 
diffuse 


1.05 


density was found to be about 


The overall average 
this print was controlled at 1.2 to match 
that of a typical theater release print 


The 


seven areas in this print was from 0 17 


density range represented by the 
to 3.0 

lest roll No > was a composite of 13 
black-and-white prints with a special 5- 
as illustrated in Fig 


dot de TrSity patl rm 


9a and 9b. One dot was located in the 
area While the other 


one-half of the 


center of the picture 


four dots were located 


distance from the center to each of the 


four corners of — the frame 


Each of the five 


picture 
dots was made to the 
same density in a given print The dot 
density in the first nine prints in the test 
roll ranged from a projec tion density of 
0.04 to 4.2 back- 


dots in 


The density of the 
ground area surrounding the 
the first prints was adjusted for 


that the 


nine 


each print so over-all density 
of the print matched that of the typi- 
Prints 10 


average 


cal theater release 


and 11 


proyec tion den 


print 
were mace LO an 
si*'v of 0.6 So as to repre- 
sent lighter-than-normal prints, while 
prints 12 and 13 were made to an average 
projection density of 1.6, representing 


The dot 


density in prints 10 and 12 was approxi- 


darker-than-normal _ prints 
mately 2.6, while in prints 11 and 13 it 
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was approximately 3.6. A 30-ft leader 


having a perforated hole in the center 
of the picture area was spliced into the 
roll between prints in order to provide 
monitoring information on any fluctua- 
tions in the light output of the projector 
are Data from these readings were 
used to obtain greater accuracy in calcu- 
lating screen density The ratio of pro- 


jection density to diffuse was found 


to be 1.25 to 1.30 for this film. 
Measurement of the stray-light con- 

ditions in regular and drive-in theaters 

with this test roll showed the following 


' 
results: 


Stray Light in 
Theaters 
Type of Print Drive-In 


Regular 


0.79% 
o7 
0.3% y 
OF oF 
0.2% 0.4% 


Lighter-than-normal 
Normal density 0.7% 


Darker-than-normal 


Cross-over data between the two test 
rolls were found to be in excellent agree- 
ment. 

Summary 

There are four important points which 
relate to the screen quality ol projec ted 
pictures They are: 

(1) Screen quality is largely depend- 
ent upon the ratio of limits established 
between the screen brightness and the 
stray-light brightess on the screen. 
The that the stray-light 
ratio should not be greater than 0.3°7 of 


results show 
the screen brightness 
(2) Stray-light problems increase as 


screen brightness is lowered This is 
important to those who attempt to ex- 
pand the size of the projection screen 
beyond the light-output capacity of the 
projection equipment 

(3) Dark 
severely by stray light than are light or 
The 


of very dark scenes is of some concern to 


scenes are affected more 


normal-density scenes presence 


managers of drive-in theaters where 


moonlight and other forms of stray 


light are a continual, uncontrollable 


problem. Similar problems also exist in 
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Fig. 9. Chart used in test roll No. 2 to obtain image-transfer data from 
five locations on the picture screen for the theater survey. (Above 
An example of a print in which the density of the dots is less than the 
overall average projection density of the print. (Below) The density 
of the dots in this print is greater than the overall average projection 
density of the print. 
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classrooms not equipped with the proper 
room-darkening facilities. 

(4) It is that 
Society should consider the formulation 
stray-light 


recommended this 


brightness vs. 
auditoriums, class- 


ol a screen 
recommendation for 
rooms and review rooms, possibly based 


upon the tone-reproduction data that 


have been compiled for this paper. 
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Bemis (UCLA, Arch. & Eng. 
rhis problem of stray light during 
in classrooms has 
confronted us for some time, especially in 
connection with the new building program 
Ihe Committee on Screen Brightness, 
Audio-Visual 
amined many 
city and have found no real solution for the 


Education, and I have ex- 


classrooms throughout the 


satisfactory elimination of excessive Stray 


light. What conditions have you found in 
the eastern areas, and what type of shades 
or shutters are they using to block out the 
stray light? 

Mr. Estes: I have visited only a few audio- 
visual classrooms in the Rochester area. 
Here they use double window-shades of the 
pulldown type to darken their rooms 
Efficiency of the system is improved by 
having both 
travel in a U-shaped channel 


sides of one of the shades 
Ihe system 
works well on dull days, but not on bright 
days when the sun shines on the windowed 
For further informa- 
tion on darkening classrooms, may I refer 
you to the booklet, “Planning Schools for 
the Use of Audio-Visual Materials,’ which 
has been recently published by the Dept. of 
Audio-Visual Instruction, National Educa- 
tion Assn., Washington, D.C. I 
that you will find it has some very worthy 


side of the building. 


believe 


material in it 
Mr. Bemis: 
pulldown curtains, and the new louvered 


We have examined drapes, 


shutters which have recently been installed 
on the outside of the windows in the new 
school at Glendale. At 
project directly onto a wall painted a pale 


this school, they 
blue-green. We have found that we get 
the best picture in color or black-and-white 
when the projected picture is located to 
one side of the windowed area. where the 
light does not fall directly on the screen 
However, I am grateful for your suggesting 
the book 
Lawrence F. 
Where the ambient light is high and stray 
light is a problem, would the use of the 
(metalli- 


Brunswick (Colorviston, Inc 


specular reflective-type screen 
cally coated) offer a possibility of benefit in 
First, less-apparent bright- 
ness from itself; and 


second, a gain in the brightness of the pro- 


two directions? 
the ambient light 
jected image because of the highly direc- 
tional characteristics of the screen. There 
would be some sacrifice, of course, in the 
angle of viewing. However, has that been 
considered in certain applications? 


Mr. Estes: When 


brightness to a higher level, and at the same 


you raise the screen 
time drop the effective stray light on the 
screen to a lower level, the result should be 
an improved picture. Whatever you do to 
increase the difference between the stray- 
light brightness and the screen brightness 
will benefit the density range of the pro- 
Pable 35mm 


jected pictur viewers for 
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slides are designed to give very high screen 
brightness in order that they may be success- 
fully light is 
abundant 

Mr. Brunswick: In that case, then, would 
the type of screen that I’m referring to 


(it’s the type of screen used for stereo pro- 


used in offices where stray 


jection) be beneficial? 

Mr. Estes: In certain situations, this type 
of screen might be quite beneficial. How- 
ever, the Non- Theatrical 
Equipment of this Society in 1941 made 


Committee on 


several recommendations regarding the use 
of various types of screens (diffuse, semi- 
diffuse, and specular) due to variations in 
light distribution 
then 
should be 


their characteristics 
From recommendations, it appears 
that careful 


selecting a screen for a classroom, to make 


one quite when 
sure that it meets all the requirements 

In the two previous papers, the proper 
levels of screen brightness have been care- 
fully specified after much study. The real 
purpose of this paper has been an attempt 
to demonstrate why stray-light levels 
should be reduced to a maximum of 0.3% 
of the screen brightness, in order to obtain 
good picture quality at the specified levels 
of screen brightness 

Philp M. Cows of Ships Pre- 
this session, Mr. Ryder of Para- 
mount Pictures presented a paper entitled, 
“Brighter Drive-Ins.”’ He 


stated that Paramount was going to lighten 


ft (Bureau 


vious to 
Pictures for 


all their pictures so that they may be used 


equally well in’ drive-ins and regular 
theaters I think that 
especially in view of the fact that you have 
that light affects lighter 


tures much less than darker pictures 


this is significant, 


stray pic- 
Let’s 


screen- 


shown 


Say that you re recommending a 


brightness level of 10 ft-L, but we in the 
Navy aren't able to 
level of 10 ft-L. on the 
I think that this is also true with a great 
other Phere- 
there 


obtain a_ brightness 


projec tion screen 
16mm films 


many users of 


fore in order to achieve a good show, 
will have to be some compromise with re- 
gard to screen brightness and print density 


Ur. Este This the film 


equipme nt manutacturers, as well as many 


Society, and 


others involved with the production and 


processing of films have always been ex- 


tremely interested in obtaining good quality 
pictures on the screen. Certain standards 
of screen brightness were recommended by 


this Society to help the industry attain this 


Estes: 


result. Due to the wider use of films in 
recent years, there have appeared numerous 
incidents where this standard has not been 
met, and problems have arisen. 

What I have purposely done in present- 
ing this paper was to review with you the 
factors effecting the sensitometric charac- 
teristics of the projected image so that a 


would be _ possible 


better understanding 
concerning the relationship between per 
cent stray light the density transfer 


characteristics of the projected image I 


and 


hope that everyone will use this informa- 
tion wisely and apply it towards obtaining 
the best in picture quality for both 16mm 
and 35mm installations. 

Vax Pulejo (Fulbright Student, USC): 1 
am speaking now from the viewpoint of the 
cameramen in my the 
U.S.A., who are resentful when they go to a 
and find what they endeavored to 
Since 


country, outside 


theater 
put on the film is not on the screen 
this condition varies a great deal from one 
theater to another, due perhaps to the color 
of the room or the tendency for light walls 
in modern architecture, would you recom- 
mend any method to fight this stray-light 
situation? 


Ur. Estes 


question 


That is 
It will take some time to con- 
I'd rather 


a rather complicated 


sider all aspects not answer 
your question at this time 

John P. Breeden, Jr. (Ford Motor Co.) 
Could you give your recommendation for 
the minimum allowable ratio between 
screen brightness and stray light? 

Vr. Este My 
the level of stray light be maintained at not 
than 0.3% of the brightness 
that if this 


you will never 


recommendation is that 


more screen 
I am 
suggestion, 


will follow 
be troubled by 


certain you 
stray-light problems 

Ber \ Ay anger Architect. Veu York 
his stray-light problem in the interior of 


City 


motion-picture theaters has been licked for 
quite some time now. It has almost become 
a standard method of lighting in 
torium to use the 
which the light does not fall on any place 


an audi- 
downlight system in 


but the audience and does not fali on any 
light back 


as S¢ hool rooms are 


wall which might re-reflect the 


to the screen. So far 


concerned, where you must prepare very 


rapidly for showing a motion picture, and 
where other work is being done all day long, 
the rear-projection unit which I saw in Eng- 
very nice The rear-projection 


land was 
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trouble in 
light In 


used more 


method will give y a lot less 


room where you hav stray 


chool roon where the room 1s 


regularly for motion-picture projection, 


means for cutting out stray light, of course, 


are provided Qf course, the drive-in 


theater is again a special problem. Some 
day they hope to use rear projection there 
also to reduce the stray-light problem 

In answering this gentleman from anothet 
a tendency to have 


country, while there is 


liehter architecture, we 


walls of the 


walls in modern 


now know how to design the 


motion-picture theater and keep them as 
light as we want to in color. You can even 
use white, if you want to, providing that a 


texture is used on the wall which controls 


the light coming from the screen so that 
it’s re-reflected trans- 
back into the 


back to the 


when it’s re-reflected 


versely across the room or 


eyes of the views but never 
screen 


However, these new ideas are not new 


anymore, they are at least 10 years old 
They haven't been applied too many times 
gut there are many examples of them, and 


stray light is really not a problem in a 
modern motion-picture theater 


Ur. Este In the that I 


surveyed, I will agree with you in that stray 


theaters have 


ight has not been a problem there 


David B. Joy National Carbon Co I have 
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first I 
appreciation, 


would like to ex- 
and I think the 


appreciation of all of us in the exhibiting 


a question But 
press my 
end, on these three papers that have just 
think the 
fundamental, and I think they're going to be 


been given I data here are 


of great use in improving the quality and 


showing of our pictures. I would like to 
Ben Schlanger 


said I think that it is true that in some 


say one thing about what 


theaters we 
lem, but I 


don't have a stray-light prob- 
think, that 
there are a good many theaters where there 


from experience, 
is a stray-light problem 
would like to ask is this: 
stray-light limit ratio of 0.3 


The question I 
Would this same 
& of the screen 
brightness apply in general to 3-D pictures 
as well as to 2-D? 


Ur. Este I 


Surveys 


made any 3-D 
However, I believe that the recom- 


haven't 
mendation would apply also to 3-D_ in- 


stallations Just recently in one of the 
Rochester 


to 3-D, I made a quick measurement of the 


theaters, where they have gone 


I found that the normal 
operating brightness of 10 ft-L. was reduced 


screen brightness 


by the polarizing filters used in front of the 


projector lens to a screen brightness of 
This means that the 
filters 


screen brightness by approximately three 


approximately 3 ft-L 


use of polarizing reduces normal 


times 
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